

CHEMOTHERAPY 

OF 

ANIMAL TRYPANOSOMIASIS 

(A Resume of Literature) 


By 

S. K. Sen, D. Sc. 

Formerly Research Officer, Indi an Veterinary Research Institute 

# 

Mukteswar 





I 



O c 



errata 




Pone 


Line 


for 


read 



2 

8 

feelings 

i 

37 " 

(suramin) 

3 

last but one line in 
foot-note. 

but very 

7 

19 

for cattle 

7 

42 

was 

$ 

41 

mortility 

9 

18 

suramin although 

11 

1 

abeess 

13 

12 

a Icchol get 

13 

20 

*T. equiperdum ’ 

13 

24 

fluid. Yorke 

13 

38 

d ugs 

17 

40 

‘gufar* 

‘el debab’ and ‘m’ bori’ 

17 

41 

17 

42 

po itive 

19 

25 

test i neffective 

20 

22 

Sachs- 

25 

3 

INTRODUCTORY 

27 

36 

co-efficient 

27 

41 

parfactement 

29 

31 

cseas 

29 

last line 

held 

30 

1 

more effective 

30 

last but one line 

‘baleri’ 

1 ^ 

31 

1 

was, applied 

31 

23 

durg 

‘souma* 

31 

44 

31 

45 

but 

32 

14 

el ‘dehal 

32 

37 

Kalush 

33 

2 

Clus Pa 

38 

• • 

Page No. 33 

38 

11 

ourr- 

38 

31 

Bull. (3, 259; 1911) 

39 

14 

Ciuca (lC-i.5 a) as 

40 

2 

then used 

40 

19 

firt 

40 

last line 

ut of 

42 

21 

valueless) 

42 

25 

Uga da 

42 

31 

treatment. Walker 

42 

35 

‘souma* 

42 

36 

‘gambia* 

* souma' 

42 

45 

43 

9 

atxoyl 

43 

15 

innc culated 

43 

19 

\jaffa\ 

*el debab ’ 

43 

19 

43 

19 

‘e/ zombab' 

43 

22 

the doses, being 

43 

26 

‘ souma ’ 

43 

26 

‘ baleri * 

43 

27 

'm'bori* 

43 

40 

‘ debab ’ 

47 

5 

infrequenty 

47 

16 

Chester 

47 

22 

Their, work 

47 

last line 

co-efficient 


feels 

(suramin), 
but is very 

for cattle, 
is 

mortality 
suramin, although 
abscess 
alcohol, get 
T. equiperdum' 
fluid, Yorke 
drugs 
gufar 

el debab and m’bori 

positive 

test ineffective 

Sachs-Georgi 

Introductory 

coefficient 

parfectement 

cases 

hold 

effective 

baleri 

was applied 
drug 
souma 
and 
el debab 
K. 1'sch 
Ciuca’s 
Page No. 38 
cu.„- 

BulL, 3, 250 (1911) 

Ciuca (1945 «), as 

used 

first 

out of 

valueless 

Uganda 

treatment, Walker 

eouma 

gambia 

eouma 

atoxvl 

inoculated 

Jaffa 

el debab 

el zombab 

the doses being 

eouma 

baleri 

mbori 

debab 

infrequently 
Chester— 

Their work 
coefficient 


(ii) 



Page 


48 

49 

50 

50 

51 

53 

54 
54 


54 

55 

55 

56 
56 
63 
63 
63 
66 
66 
66 
66 
66 
67 
67 
69 
69 

71 

72 

73 
79 
79 
79 

79 

80 
80 
81 

83-84 

85 

87 

90 

96 

96 

97 

98 

99 
99 
99 

105 

106 
109 
111 
116 
117 
119 

119 

120 

121 

124 

124 

127 


Line 


10 

7 

24 

27 

ft 

14 

14 

Table I, column 2 


Table I, column 2 

35 
38 
18 
31 

4 

27 

36 
4 
8 

35 

foot-note 

foot-note 

paragraph 4, line 1 
paragraph 4, line 2 

17 

18 
24 

first table, column 2 
o 


Table VI, column 3 
19 
35 
32 
4 
13 
22 
28 
38 
40 
9 

45 

3 
17 
31 

4 

paragraph 5, line 2 

13 

11 

last but one line 
2 

Delete line 1 

5 

second paragraph 


for 

multiplic tion 
in 

‘Foureau 270' 
injecti ns 
relance 
dministration 
attributed he slow 
Total number of persons 
1 8 

1946-1948 
1 146 
with 
twofold 
and death 
publish 
T RTAR 
temporary 
‘debab' 

‘dtbab * 

‘debab' 

single in 

Equinum 

Mensil 

Protectorate 

(1942) 

1 gm. for a year... .donkeys 

(4).2 gm. 

for subcutaneous 

Died of araplasmosis 

Sterlization 

solution 

“troublesome 

develop” 

interval 

months the 

local reaction” 

intra u scular 

chemrao — 

itself for 

neraely 

itself for use 

‘ debab ’ 

‘ su-auru * 

‘su-auru' 

8 kilo., bodyweight 

Duln 

Klein 

Klein 

Suramin 

itself for effective 
Brouwere 
discovey 
res'stint 
chloride and 


read * 

multiplication 

is 

‘Foumeau 270’ 

injections “ , 

reliance 
administration 
attributed to the slow 
Total number of persons 
during 1946-48 

13,146 

by 

twofold 
and 1 death 
publish— 

TARTAR 

temporary, 

debab 

debab 

debab 

single in— 
equinum 
Mesnil 
Protectorate, 

(1942), 

1 * 5 gm for adult bovines and donkeys 
and (3) 5 injections 
to subcutaneous 
Died of anaplasmocis 
Sterilization 
solution of 
‘troublesome 
develop’ 
intervals 
months; the 
local reaction’ 
intramuscular 
chemo- 
itself to 
namely 
itself to use 
debab > 
su-auru • 
su-auru 

8 kilo, bodyweight 

Dulm 

Kleine 

Kleine 

suramin 

itself to effective 
Brauwere 
discovery 
resistant to 
chloride) and 


Table XII, second 
column, last line 
legend 3, below 
Table XIII 


(a) Phenanthridinium ‘897’ (a) Phenanthridinium ‘897* 

Delete the second sentence ‘Ferreira 

(1948).Portuguese Africa’ 

resuts results 

(Wilde, 1949) (Wilde, 1949) 

® 5 artificially infected 


DD ± 


DD = 




(iii) 



Page 


Line 


for 


read 


130 

130 

131 
131 
131 
133 

133 

134 
136 
136 
136 
138 

138 

139 

140 
146 

146 

147 

147 

148 
148 
150 
150 
152 
152 

152 

153 

153 

154 

154 

155 

155 

156 

157 

158 

158 

159 
161 
162 
162 
163 

163 

164 

167 

168 
169 

169 

170 
170 
170 
170 

173 

174 

174 

175 
175 
175 

175 

175 


1 

2 

1 

1 

3 

10 
16 
. 20 
19 
19 
19 
6 
39 
33 
22 
14 

33 ' 

2 

43 

12 

22, 23. 

foot-note, line 2 
foot-note, last line 

29 

31 

33 

3 

paragraph 3, line 3 
19 

last paragraph, 
line 2 
13 
24 

13 
16 
38 

foot-note 

1 

last paragraph 

3 

4 

14 
34 

2 

8 

18 

4 

29 
1 
1 
2 

30 
18 
17 

last line 
3 
9 
9 


2 received 
The control died 
These trials 
exceed 
healthy 
. anryoide 
two 

findings, of 
15 of 
46-8 

untreated 
cha hper 
resi tance 
for use 
trypanocida 
injections 2 
(1) the 
ssages 
become 
infected 

Delete “(‘laissent... .curative’)”, 
eun 

complement thereby 

dried a 

1 ttle 

the arge 

T. congolense , 

kept in 

debab ’ 

bo 

Browing 
has postulated 
instances the 


27 

last line 


issues 
Cably 
him ‘Sils 
simulate 

Delete “For ‘strong... .Resistance’ 
against, 3 
test 

1. lew in -infected 
I. equiperduw 
try pa. 
comp, path, 

De Bran were (1938) 

Arch. Inst 
Trop. Vet Bull. 

‘ Chemotherapeutit 
T. con 

golensce Infections ” 

—(1950). 

Soc. Pad. exot. 

Rev. Inst. bact. B. Aires 
R. Soc., trop. 

Publ. Hlth. 

Econ. advis. 

Counc. Tsetse Fly Comm. 

Rep., Lond. (‘Development) 
Eyravd 
707. 


Some received 

One kept as control and it died 

These last trials 

exceed about 

unprotected 

antrycide 

Two 

findings of 
‘15 per cent of 
36*8 

untreated’ 
cheaper 
resistance 
to use 

trypanocidal 
injections, 2 
(1) The 
passages 
becomes 
injected 

t 

enun 

complement, thereby 

dried at 

little 

the large 

T. congolense 

kept in 

debab 

h y 

Browning 
postulated 
instances, the 
tissues 
Early 
him: ‘S’ ils 
reproduce 

against 3 
tests 

T. Je<mi-inf<*cted 
T. equiperdum 
trypa- 
comp. path., 

*De Bran were (1938) 

Arch. Insts 
Trop. vet. Bull. 

Che motherapeutic 
T. CO/l- 

golense Infections 
*—(1950). 

Soc. Path. exot. 

Rev. Inet. bact. B. Aires, 12, 67 
R. Soc. trop. 

Public Hlth 
Econ. adv. Counc. < 

Tsetse Fly Comm. Rtp., 

Lond. ('Development) 

Eyraud 

707 



Page 

Line 

% 

for 

read 

176 


Delete th fi at th cc linos *' 
The Trypanosomiasis . 

*Fem ira ^1948). 

. .46, 530; 1949]' 

176 

20 

Senior (1921). 

Senior— 

176 

20 

Proc.y 4th entom. 

Proc. 4th entom. 

176 

21 

White. 

White (1921). 

179 

13 

Abt. 1 

Abt. 1 

179 

26 

*—[1014] 

—(1914). 

180 

12 

Mem., Dtp. Agric, India, 

Mem. Dep. Agric. India , 

ISO 

16 

Mem. Dep., Agri. India vet. 

Mem. Dep. Agric. India, vet.. 

182 

2 

Arch. I ns Is. Pasteur 

Arch. Inets Pasteur 

184 

8 

lmmun Forach. 

ImmunForach.. 

186 

15 

Ann. Pharm. France 

Ann. Pharm. Fr. t 

186 

20 

Bull. Soc., Path. 

Bull. Soc. Path. 

189 

foot-note 

not examined. 

not examined 

190 

12 

Gesundh Amt., 

Gesundh Amt ., 

190 

33 

lmmun For sell.. 

ImmunForach ., 

194 

29 

.1 . in fee. Dis. 

J. infect. Dis. 

197 

13 

lmmun Forach 

ImmunForach 

197 

23 

lmmun Forach 

ImmunForach 

197 

35 

lmmun Forsch 

ImmunForach 

198 

1 

lmmun Forsch 

ImmunForach 

198 

2 

lmmun Forsch 

lmmun Forsch 

• 

198 

5 

lmmun Forsch 

ImmunForach 

200 

17 

3, 1924 

3; 1924 

200 

19 

12, 1924 

12, 113; 1924 

200 

21 

47 449 

47, 449 

201 

5 

Pasteur, Algere, 

Pasteur Alger, 

202 

5 

Gold Cat. 3*931-32 

Gold Cst, 1931-32 

202 

10 

Gold Cat. Ilf47 

Gold Cst , 1947 

202 

25 

J. in fee. Dis. 

J. infect. Dis. 

204 

23 

Pasteur Tunis 

Pasteur. Tunis 

205 

1 

Path exot. 

Path. exot. 

205 

25 

1939]. 

1939] 

207 

2 

Soc., Path. 

Soc. Path. 

207 

22 

exot. 18 

exot.. 18 

207 

' 24 

vef.* Bull. 

vet. Bull. 

209 

14 

vet. Bull. 5 

vet. Bull ., 5 




# 


CONTENTS 


Chapters 


Fbivaoi 


• • 


• • 


Paob 


« i—lii 


n 


IV 


VI 


IX 

X 

XI 


Ihtbodfotioh •• •• •• ““ 

Diagnostic methods for the detection of trypanosomiasis 

Arsenicals (1) Introductory .. .. •• 

Arsenicala (2) Arsenophenylglyoin 

Arsenicals (3) Atoxyl .. • • • • • • 


• • 


Arsenicals (4) Tryparsamide 
Arsenicals (5) Melarsen 


VII Antimoniala (1) Introductory 

Vm Antimoniala (2) Tartai emetic 


Antimoniala (3) Antimosan 


Surfen C 


• • 


• • 


Bismuth compounds 
Suramin 


Diamidines 


• • 


XIV Phenanthridinium compounds 


• • 


• • 


• • 


• • 


• • 


• • 


XV Antryoide 


XVI Miscellaneous drugs 


• • 


XVII Serum therapy in trypanosomiasis 


• • 


XVm Immunity in trypanosomiasis •. 
Bibliography 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • 


• • 




• • 


• • 


• • 


• • 


• • 


17 

26 

c6 

39 

47 

63 

69 

63 

71 

77 


83 


- 86 
_ 111 


116 


« 127 


139 


146 

149 

166 













PREFACE 

IN 1928, the late Dr. J. T. Edwards, Director, I ^ n J < 2f r ^5® 8e f^e 
i " n wpII- known memoir entitieu luo 

<v— = ' ssfff s£sy£$% 

inI *’r ’Si «S2toS ilfCJaZl o/lie Royai SocZy oj 

the bX of a^nsiderable volume of charts and protocols of experiments 

Dr. Edwards made the statement 

that a resume of literature on the chemotherapy of trypanosomiasis would 
form the subject of a separate publication by the compiler of this monograph It 
is now nearly three decades since that statement was made but on account of 
more pressing demands on his time, the compiler has so long been unable to 
undertake the preparation of the resume. It is a melancholy satisfaction for 
him that he has at long last been able to discharge his moral obligation 
to Dr. Ed wards—melancholy because he died in England in 1953 without seeing 
the MS of the monograph, so that it has now assumed the position of a pos¬ 
thumous addendum to his memoir. He can now only derive some consolation 
from the thought that the preparation of this monograph has been a vicarious 
undertaking for him, for the work would have been more appropriately done 

by Dr. Edwards himself. 

Some 1800 references covering a wide range of problems in the field of 
chemotherapy have been consulted in compiling this monograph. The textual 
matter relating to the more important drugs has been divided into 14 chapters, 
commencing, as is customary, with arsenicals amongst the metallic compounds 
and ending with antrycide, the most recent introduction in the group of ncn-, 
metallic compounds. 

The inclusion of arsenophenylglycin in the list of drugs dealt with in the 
monograph calls for a word of explanation. The discovery of this arsenical by 
Ehrlich created at one time a degree of optimism which is only equalled by the 
introduction of such recent drugs as suramin and antrycide. Apart from its 
historical interest, arsenophenylglycin represents a class of drugs which, by 
reason of their being very unstable, may operate in a manner entirely different 
from the mechanism of action of stable compounds. 

Atoxylization, which enjoyed so much popilarity in the early days of 
hemotherapy as a means of dealing with both sleeping sickness and animal 


*Mm . Dep . Agric . India, vet,, 4, 1—100 


11 


i rypanosomiasis, would now appear to have fallen in disfavour, this being 
doubtless largely attributable to the readiness with which atoxyl produces 
resistant strains and gives rise to visual disturbances in human patients. It has 
nevertheless been given a place in the present monograph, for, both on account 
of its energetic trypanocidal action and its cheapness, it is particularly suitable 
for use where inexpensive breeds of stock are concerned. 


Melarsen, with its several modifications, does not as yet appear to have 
been used in the trea.tni.ent of animal trypanosomiasis under field conditions, 
Friedheim, the discoverer of this drug, has brought forward evidence to show 
that it not only possesses outstanding therapeutic properties but that the 
duration of protection conferred by it on laboratory animals far exceeds that 
obtainable with any other known chemotherapeutic agent. The salient features 
of the results claimed to have been obtained from the use of this drug have, 
therefore, been reviewed in the monograph. 


The proprietary drugs, antimosan and Surfen C, have been fairly 

extensively tested against nagana, but neither of these has so far been used in 

the treatment of surra in India. The two drugs doubtless merit attention m 

this country and have, therefore, been briefly dealt with. 

%/ 


The phenanthridinium compounds and an try cide—designed exclusively 
for use in animal trypanosomiasis—have been dealt with as fully as possible, 
with free translation of passages from several excellent French articles on 
antrycide. In some instances, entire protocols of experiments have been 
reproduced, for, in the compiler’s view, a resume to be of practical use to 
workers should not be a mere catalogue of findings, but should include copious 
extracts, with due regard to the extent to which they are likely to prove of 

value to workers. 


In the chapters dealing with suramin and tryparsamide, accounts have been 
given of the more important results reported to have been obtained from the 
use of these drugs in the treatment of sleeping sickness, for these results have 
often emerged out of trials carried out under a wide range of conditions and may, 
therefore, be found to provide indications for improving upon the methods so 
far employed in using the drugs in the treatment of surra. 


The inclusion of a chapter on diagnostic methods in this monograph has 
seemed necessary in view of the finding, made by Duke and Fiennes, of the 
occurrence of the so-called ‘cryptic’ forms of trypanosomes, which are not 
detectable by ordinary methods of diagnosis. In suspected parasitic diseases, 
it would obviously be inadvisable to embark upon a course of treatment on the 

basis of clinical symptoms alone. 


The relevancy of the chapter on immunity in a monograph designed to deal 
with chemotherapy may seem open to question, but the main object of the 
compiler in preparing this monograph has been to provide veterinary workers 



methods for . 8 , ,, term ‘chemotherapy ’ itself has ceased to be as 

terminological by Ehrlich is shown by the 

necS felt bTcertain workXS employing the term ‘chemoprophylaxis’ 
to represent protective, as distinct from curative, treatment by drug ad- 

mini stration. 

Original statements by various authors have been quoted at relevant pomts 
in numerous places throughout the monograph when the reproduction of the 
precise view expressed by a particular author on some point has been deemed 

desirable. 

S. K. S. 


8th May, 1954 




INTRODUCTION 


TRYPANOSOMIASIS, whether it affects man or animals, constitutes one of the most 
1 baffling problems that have confronted the medical and veterinary profession. Since 
Ehrlich developed his classical conception of the science known as ‘Chemotherapy —as 
distinct either from pure therapy or pharmacology-all manner of ingenuity, bewildering 
in its complexity, has been brought to bear upon the question of dealmg with this formi¬ 
dable disease and specificity has been claimed for remedies brought into the field of Chemo¬ 
therapy from time to time after intensive trials in the laboratory. But such claims have 
only been short-lived, having had to be eventually sacrificed at the altar of drug-fastness. 
This remark applies even to such well-known remedies as atoxyl, tryparsamidc, suramin 
and a itrycide. One thus notices that, in spite of half a century’s* well directed cam¬ 
paign against sleeping sickness in Belgian possessions in Africa by missionary and other 
organizations, the following announcement appeared as recently as in October 1952: 
‘The Belgian Government has offered a reward of 1 million Belgian francs for the dis¬ 
covery of an effective and lasting check for sleeping sickness largely prevalent in the Bel¬ 
gian Congo, according to a press release from the Belgian Consulate-General here [in Cal¬ 
cutta]. 

‘A jury, consisting of three doctors, specialists in tropical diseases and presided over 

by a lavman will examine whether the proposed remedies fulfil the necessary conditions 
* * 

for the radical cure of the disease. 

‘The Belgian Government had offered in 1906 a reward of 200,000 francs for the same 
purpose hut there had been no successful discovery, it was stated. 

‘The award is open to all irrespective of nationality/ 

The compiler of this monograph has endeavoured to make a correct appraisal of the view 
points, advmced by different workers during the past 45 years, concerning the extent to 
which it may be possible to combat trypanosomiasis and it is with a feeling of profound 
disappointment that he has been led to the conclusion that, while drug intervention is, 
as a rule, successful when applied in the early stages of trypanosomiasis, it has in the ad¬ 
vanced stages of the disease to be regarded as refractory to all known methods of treat¬ 
ment, for the simple reason that, in prolonged cerebrospinal involvement, the meninges 
suffer a certain degree of damage which is not amenable to any known form of repair. 
This remark also applies to equine surra in India, where the destruction of animals as 


*It would appear fco be disputed when exactly the causal parasite of sleeping sickness was recog¬ 
nized. According to Kleine (1936), Castellani noticed the association of trypanosomes with sleeping sicknes”, 
but their significance as the causative agents of the disease was first recognized by Bruce, so that^the latter 
should be regarded as the real discoverer, although ‘even now several authors do not realise that it was David 
Bruce who was the real discoverer’. In a rejoinder published in 1939, Castellani quoted a letter written by 
mm m 1903 in evidence of his claim that Castellani himself discovered the cause of the disease. He cited 
the names of several authorities, including Ross, as having ‘always given me the credit’ for the discovery in 

atl0n i° f the aetioIo & v of sleeping sickness. Cook (1941), in complete agreement with Klein, states 
that Jittle was known up to 1900 as to how sleeping sickness was caused and Manson even suggested Filaria 
penetrans as its causal parasite. He further states that Castellani, presiding over the Sleeping Sickness Commis¬ 
sion, detected trypanosomes in the cerebrospinal fl uid of patients but regarded it as of no significance. Accord- 

nnta 0 tr^mi^ Ce k 1D u 9 ™’ “ 0t ° n 7 ly attril ™ ted the disease to trypanosomes, but also obtained evidence 

through Qlossina palpalis. The fact that Castellani was the earliest to record trypanosomi¬ 
asis has evidently led some workers to use the generic name Castellanella in preference to Tnjpa.molm 
MP2ICAR—2 


required by the Glanders and Farcy Act would still appear to be the only method of deal* 
ing with late cases of the disease. In recording this pessimistic note, the compiler cannot 
help paying a tribute to the many missionary workers, as also medical and veterinary 
men, who, at considerable risk to their lives, have waged unrelenting campaign in Africa 
against the disease and its vectors. The story of their spirit of service and devotion to 
duty makes most stimulating reading and will continue for all times to be an incentive 
for those who have the good of mankind at heart. 


One feelings struck by the fact that the entire literature on the subject of 
chemotherapy of trypanosomiasis is punctuated by notes of defeatism expressed by 
different workers as to the prospect of any known form of therapeutic measure proving 
effective against all stages of the disease. Thus, Raven (1909) does not advise the use of 
arsenopLenylglycin—which was at that time regarded as almost a specific for sleeping 
sickness—in advanced cases requiring prolonged treatment. It was evidently in despair 
that Fusco (1909) stated that trypanosomiasis was incurable and that arsenic—accord¬ 
ing to him the most efficacious remedy of the time—could at the best prolong life. In a 
paper published in 1911, Gaiger in India presented a discouraging picture of surra as it 
existed in those days. He pointed out that the several cases of equine surra claimed by 
Holmes, during 1909-10, as having been cured by him by the use of arsenioals, were all 
artificial and that there was not one record of recovery having been obtained in the treat¬ 
ment of the natural disease. He considered measures against vectors—unfortunately 
these are not definitely known even to this day—and the slaughter of carriers (such as 
cattle) as the only effective lines of dealing with the problem. While the introduction of 
the two remedies, antrypol and antrycide, has registered a definite advance in combat¬ 
ing equine surra in India, the position in regard to the treatment of advanced cases oi 
the disease remains substantially the same today. Referring to T . equiperdum, Schesche 
(1917) categorically declares that no curative exists for this disease. 


The position described by Griffiths (1920) in the Nyasaland Protectorate concerning 
prospects of obtaining recovery in cases of bovine trypanosomiasis remains ahnos e 
same in all countries, including India, to this date. He observes that, in what may be 
called the ‘pre-cerebrospinal stage’ of trypanosomiasis, drug intervention combined with 
proper feeding may bring the affected animal to a state when it can be slang tere or 
food or even used for work* In the advanced stage of the disease, the animal is ei er 
unable to withstand treatment or entirely refractory to it. 


Some reduction in the incidence of the disease might have been expected h infected 
flies became sterilized after sucking blood from animals recently treated with trypanociaa 
drugs, but Kleine and Fischer (1923) in Africa have shown that drugs, such as Bayer ZUD 
(suramin) have no effect on tiypanosomes in the gut of Glossina. 


The discovery by Fiennes (1950 6) of a cryptic stage of trypanosomes m infected am- 
mals adds to the gloominess of the picture. This worker claims to have obtaine cone usivo 
evidence of the occurrence of these elusive forms in smears of prescapular ymp a ic 
glands of animals that have been prophylactically treated with antryci e agains^ 
T. congolen8e and T. vivax infections. He States that on rare occasions sma num ers * 
these cryptic parasites may be detected in the circulating blood, although 1 is pro a 
that their periodic appearance is due to an overspill from an active tissue ocus. le > 
therefore, distinguishes two stages in T . congolense infection of cattle: a primary g 
representing all the commonly seen clinical symptoms of the disease, from emeu 
Jo the post-critical period; and a secondary stage characterized by the occasional 



appearance of -all numbers « 

of thecontent of thy^t ^ eventually give rise to severe 

an insidious form in the sec n 17 JL rding t Rennes, the acute primary stage is 
symptoms resultmg in death. Wble^ccordm ™ * ’ He observe3 ; ‘Drug 

often curable, no treatment is known for the secondary mg ^ stage of the 

SSS, « perm* «* ^rf 

the cerebrospinal fluid as an aid to prognosis. 

Indirect evidence of the limited value of drug intervention as a means of combating 
trypanosomiasis is provided by the fact that, in spite of systematic campaigns against the 

ties in Africa, no really substantial reduction has been effected in the incidence of the 
disease although it" may be assumed that this has been due—at any rate, partially to 
failure in applying the remedies in the early stages of infection. According o figures given 
by Eriedheim (1949a) concerning the incidence of the disease m 1 icnch \\ est Africa 
alone, the Sleeping Sickness Service examined 4*6 million people in 194b out of a popu¬ 
lation of 16 million and new cases of sleeping sickness were detected by them m as many 
as 50,000, of whom 60 per cent were in the second stage. 

In India, surra at the present time has assumed a position of more importance than 
it did some two decades ago. This, to all appearance, is due not to the spread of this disease 
during recent years but to the previous absence of reliable data concerning its incidence. 
Fletcher and Senior-White (1921), dealing with the subject of vectors of surra, has published a 
map indicating the occurrence of the disease indifferent localities in India, According to 
Basil (1945), surra occurs throughout the whole of this country. He gives some figures to 
show that, out of a total of 12,000 cases of surra registered during 1940-12, 1,000 were in 
bovines, 6,000 in equines and the rest in camels. Greater importance is now also attached to 
surra on account of the fact that T. evansi , which at one time used to lie regarded as more 
■or less innocuous for bovines, has, for reasons not yet determined, been frequently found 
to assume a virulent form for these animals. Numerous fatal cases of bovine surra have 
been recorded from Hyderabad-Deccan, Madhya Pradesh, and Madras, while Mudaliar 
(1944) has discussed some of the problems connected with cattle surra in the last named 
province. 

The high incidence of camel trypanosomiasis in Sudan is indicated by the fact that 
Bennett (1936a), working in that locality, issued 10,081 doses of suramin in 1935 for 
treatment of the disease, as against 4,219 doses issued by him in 1934. The position in 
regard to nagana* is thus described in an editorial article in Nature (163, 78, Jan. 1949): 
‘Summing up, trypanosomiasis of livestock is probably of a much more serious consequence 
to mankind than trypanosomiasis of man hims elf. The fight against both these forms of 
the infection is waged on two basal fronts, against the transmitting agent, the tsetse fly on 

*As frequent references to nagana occur in this monograph, it would be of interest to indicate here th° 
precise meaning of this term. As pointed out by Curson (1928), the term ‘nagana’ is applied to the disease 
caused by T . congolense, T. vivax and T . brucei. He considers this term as being related to the Zulu word 
‘ku naga\ meaning ‘to be anxious about,’ for the affected animals often walk at a very slow pace—apparently 
due to weakness—and have thus the appearance of deliberating over something. The condition is called 
unagana’ by the local people and ‘nagana’ is a corrupt form of this word, as used by Europeans. 
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the ore hand, and against the actual parasite, the trypanosome, on the other. Potentially* 
one of the most important weapons in the campaign aimed directly at the trypanosome is 
chemotherapy; but hitherto this has been directed to a highly useful degree only against 
human, and r.ot against animal, trypanosomiasis’. The above remark also applies to the 
conditions obtaining in India, where, however, the fortunate absence of human trypanoso¬ 
miasis should make it possible to intensify combative efforts against the only species of 
pathogenic trypanosome, namely, T. evansi . As suggested by Ford, Whiteside and Culn.ick 
(1948), it is orly by a concerted ‘3-pronged’ attack that trypanosomiasis could be dealt with 
with am su istantial measure of success, viz. by the destruction of the trypanosome, the 
extermination of the vector and the ensuring of general ecological conditions designed to 
make the entire environment inimical to the continuance of the disease. 

A clearer understanding of the precise nature of trypanosomiasis syndrome itself is 
obviously the prerequisite to the formulation of specific treatment against the disease. 
As pointed out ry Fusco (1910), a substantial advance would be made in devising comba¬ 
tive measures if tome indications were obtainable concerning the habitat of the parasites 
during the latency of the disease. He found that, in an infected white rat killed in one hour 
by artem phem Iglycin, the parasites were present in the liver, lungs, kidneys and heart 
blood and a small number in the spleen, but none in the brain, spinal cord, bone marrow 
and lymph glands. £so trypanosomes werp found in any part of the tissues of a rat killed 
24 hours after receiving a curative dose of the drug. In another infected rat killed 24 hours 
after 1 cgm. atcxyl, no trypanosomes w r ere present in organ smears; subinoculations from 
heart blood, spleen, liver and lymphatic glands gave negative results. The infectivity of all 
the organs from animals killed 24 to 48 hours after treatment with arsenious acid was tested 
by inoculation into rats. In two instances, material from spleen and lymphatic glands alone 
and in a third from spleen alone were infective, although no trypanosomes w'ere found in any 
of these. \Mien killed more than 48 hours after drug inoculation, the other organs—liver, 
lungs, kidneys, etc.—proved infective. Concerning the latency of trypanosomiasis referred 
to by this worker, it is of interest that Walker (1912) in India claimed to have observed 
the schizogony of T. evansi taking place in the spleen of the invertebrate host and he refers 
to its possible relationship to the latency of the disease. Dealing with the subject of patholo¬ 
gy and therapeutics of nagana, Hornby (1937) mentions the existence of only fragmentary 
inform ation even on such fundamental points as (a) the location of the parasites at different 
points in tie tissues of the host at different stages of the infection; (b) the manner in 
which a species of trypanosome becomes pathogenic for its host; (c) the nature of immunity 
induced by infection; and (d) the factors responsible for different results being produced 
under identical conditions as regards treatment, test animals and strains of trypano¬ 
somes. He deplores the fact that ‘most writers of textbooks on animal diseases ignore 
altogether the pathology of animal trypanosomiasis’. 

A strikirg example of the divergence of view's over a fundamental problem of trypano¬ 
somiasis relates to the question of the virulence of a strain with its drug-fastness. As point¬ 
ed out by Erauwere (1947), it is held by certain workers that arsenic-resistant strains 

are of feeble virulei ce, while according to others, such strains may at times cause severe 
outbreak of the disease. 

Except for the occurrence of a disturbance of the sugar metabolism, little substantial 
information is on record concerning biochemical changes in the advanced stages of trypa¬ 
nosomiasis. Discussing the subject of pathology and immunity in cattle trypanosomiasis, 
Fiennes (115('n) states that there is no evidence to show that death in acute trypanosomia¬ 
sis is due to a trypanotoxin, but that it is possibly due to anaphylaxis. Concerning the 
relapsing properties of trypanosomes, he ascribes these to antigenic variations. He uses the 
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. * • „ «mru»+W nf the Darasite and considers the subject under the head- 

expression aggressive p p wfe.^adaDtability serum and drug-fastness; and viru- 

i ngs of reactive and in its fiLl stage assumes the 

fom of Snic S meningo-cephalitLs, with large quantities of lymphocytes and plasmocytes 

in the them with performing the function of 

secreting anybodies, wM y f th cere bral cells infected with the parasites, 

d^si";characteristic 7 of the disease, being unlike the vacuolated plasmocytes 

which one sees in other organs and diseases. 

The possibility of any special class of food influencing the course of trypanosomiasis 
obvi Ju ly requires to be eliminated before conclusions can be drawn as to the precise nature 
of the sldrome of the disease. French and Hornby (1934, 1938) have thrown some light 
on this pdnt from their studies on T. covgolense infection m cattle. According to.them nutri¬ 
They further observed that nutrition resulting from basal hay ration with certain food supple¬ 
ments had also no effect on the disease. In a second series of experiments, they first sterilized 
the circulation of infected animals with antimosan or tartar emetic and then fed one group 
of these animals on cotton seed cake and another on ferrous sulphate a.nd copper sulphate 
in addition. Little difference was observed in their weights taken periodically, showing that 
it was the plane of nutrition and not blood-improving drugs that operated m bringing about 
recovery These observations will obviously require to be repeated, under varymg condi¬ 
tions of food and animal breed, before definite deductions can be made. In the present state 
of our knowledge, the treatment of trypanosomiasis will, therefore, require to be continued 
on quasi-empirical lines, making what use is possible of the extensh e findings that are on 
record on the trypanocidal properties of drugs. One of the striking discoveries in this field 
is that of the existence, in certain classes of drugs, of an intimate relationship of their che¬ 
mical constitution to their trypanocidal value* In an illuminating paper, Trefouel (1938) 
emphasizes the desirability of first choosing the chemical group (‘domaine’) that might appear 
to hold out promise of yielding an effective remedy for the form of trypanosomiasis in ques¬ 
tion. When some indication has been obtained as to the general chemical character of the 
drugs required, one might embark upon an investigation into the possibility of producing 
more strongly trypanocidal agents by processes of synthesis. Trefouel refers to the 
fact that, as first shown by Ehrlich and later by Fourneau and others, the trypanocidal 
properties of certain chemical bodies are governed by a predetermined limit (‘terme’), so 
that the slightest alteration in the chemical configuration of these bodies results in the eli¬ 
mination (‘bouleversement’) of these propeities. A classical example of such a drug is pro¬ 
vided by p-aminophenylarsenic acid (atoxyl-tryponyl): 



NH 

2 



* , 1 fstebhshing the exact formula of this drug, succeeded, through a series 

of modifications of its constitution, in causing variations in its toxic properties and later 
m demonstrating that, by means of such modifications, the effect of certain arsenicals might 
be diminished or exalted and even extended to an altogether new group of diseases 
namely, to that of spirochaetoses. In illustration, Trefouel cites the example of ‘atoxyl- 
tiyponyl mentioned above. He points out that the action of phynylarsenic acid is pro¬ 
foundly altered not only by introduction of certain groups in the molecules NH„, OH, etc., 
ut a so ly the relative position of these groups. Thus, phenyl arsenic acid is toxic for the 
mouse at 1 mg. and is non-trypanocidal. On the other hand, p-aminophenylarsenic acid 
is more toxic only at 3 mgm., and at this dosage it may cure 30 percent of mice. It would 
thus appear that it is the amino group NH 2 that matters in determining the toxicity of the 

6 Ur ^ ei ’** ° rtho " and 1Tie ta-aminophenylarsenic acids are much less active, so 
la e para position is the optimal (‘la position optima du substituent unique NIL est 
la position para ). The case is, however, very different with oxyphenylarsenic acid; here 
e ra-oxyphenylarsenic acid is the more active. The existence of a relationship between the 
chemical constitution and the tiypanocidal and neuiotoxic actions of aromatic arsenic acids 
has similarly been demonstrated by Friedheim (1938). Instances of intimate relationship 
between the chemical constitution of a drug and its trypanocidal properties axe also provid- 

e • y °^ber arsen ^ ca ^ s and also by antimonials. As shown by Yorke and Mur- 

gatroyd (19-35) and others, pentavalent aromatic compounds of arsenic and antimony are 
on y s ig t y trypanocidal, whereas in their trivalent form, they, as also non-aromatic tri¬ 
valent compounds, are highly trypanocidal. These authors further observed that, while 
trivalent arsenicals speedily sterilized the peripheral circulation, they were of little curative 
vaue ™ ec ted rabbits.* On the other hand, the corresponding pentavalent compounds, 
although slow in their sterilizing action, produced cure in a large number of cases. Accord¬ 
ing to them, the reduction of certain pentavalent compounds to the trivalent form is 
brought about by the action of haemoglobin of the red blood-corpuscles. Incidentally, 
Yorke and Murgatroycl refer to the fact that the chemical side of chemotharapy has far 
outrun the biological side, this, according to them, being due to the fact that chemothera- 

peutio investigations have taken two separate directions—one by chemists and the other by 
biologists. 

The Identity of Trypanosomes 

It is almost needless to stress the necessity of carefully determining the species of 
a trypanosome before undertaking experiments for testing the trypanocidal power of 
a drug against it, for the species may be one not previously recorded, so that erroneous 
concldsions may be arrived at on account of the assumption that the particular parasite 
does not occur in the locality concerned. A case in point is the finding, made in India by 
Stirling (1921), of what he regarded as T, congolense , although the finding has not 
been confirmed. Mudaliar (1945), also in India, records a small species of trypanosome from 
the buffalo measuring 21 /xX 1 *25 fi and designated by him as T. evansi var. ravi. He found 
this species more pathogenic for rabbits than for guinea-pigs. It is possible that the 
species recorded by Stirling and Mudaliar are only polymorphic forms of T, evansi . This 
possibility is suggested by the fact that Hoare (1952) found that, in a laboratory strain of 
T % evansi from camels, the proportion of short forms varied from nil to 61 per cent and this 
led him to conclude that it was only the inconstancy of polymorphism that constituted the 
difference between T . evansi and T. brueei.. As a matter of fact, the precise systematic posi¬ 
tion of even some of the common species of trypanosomes is still disputed. Thus, Kleine 
(1928) adduces reasons to show that T.gambiense is identical with T.rhodesiense, but according 

•Possibly, this is to be largely attributed to chronioity of the disease in these ftnimnla. 
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to him, the latter 16 different hu^rse^ was^ethd^r T. equiperdum, T. 

Murgatroyd (1930) showed that, win on T gam biense and, according to them, 

rhodesiense and T. congolense , aambiense and immune to pathogenic try- 

this explained why man was susceptibk to and T. rhodesiense are 

panosomes of animals. They consid originated from T. bntcei, the pronounced pa- 

thogenicity of T.gambimseic.iv: anb g by Mesnil (1930). It is noteworthy 

-- fci by Bcv “ 

(1937) as synonymous with T. pecmum. 

i jz 

vide a surer indication of the spec c cattle when injected into rats and 

asxffisssi “ &'•»*' * «• “ be “ g - mow,: 

cows, 18-3/x; baffaloes, 19-8/a; rats, 25-l/i; horses, 27-3/x. 

The possibility ha. also to be bo„. m mind that a species of 

-tSSSiSS as 

et al. (1936) mention a severe outbreak ot 1. lewisi injection m ^ • nm) 

weeks After calving. 

The varying degrees of resistance to drugs exhibited by different strains of the same 
species of trypanosome sometimes introduces a disturbing element m the process of 
studies on tlSr chemotherapeutic value. The precise factors responsible for such vana- 
tion do not appear to be understood but a few examples may be cited as illustrative of 

the circumstances in which variation has been found to occur. 


Teicbmann (1917) found that different strains of T. brucei within the limits 
of East Africa alone showed marked difference in their sensitiveness towards arsacetin. 
Borchgrave (1939) found that an arsenic-resistant stram of T. gambiense was much more 
virulent than an ordinary strain of this species. Hawking (194p) records the observation 
that an old strain of T . rhodesiense , maintained in laboratory, responded more readi y 
to tryparsamide that had penetrated into the cerebrospinal fluid than local strains 
of the same species. He also found that the occurrence of trypanosomal lesions ot the 
cerebral membranes had no ‘constant influence’ on such penetration. The reaction of an 
infective dose of trypanosomes may be in some cases, as pointed out by Kligler and 
Babinowitch (1927), due to the condition of the animal concerned. The bulk of available 
evidence points to the conclusion that the virulence is a property of the strain and also 
that it is not governed by the site at which the parasites are inoculated. They further ob¬ 
serve that, for experiments of this kind, the rat was a ‘more satisfactory gauge than the 
guinea-pig, because in the former the disease quickly progresses to a fatal issue. Zschucke 
(19S6) found that the results of inoculating a strain into the circulation did not differ from 
those of inoculating it into the cerebrospinal system, so that the route had little or no 
relationship with the virulence of the strain (“nennenswerte Unterschiede ini Krankheit- 
v erlaufnicht beobachtat’). 


A numbr of observations are on record to show that the same strain of trypanosomes 

viriI+ nUmer0US P asaa " e ® over a l°ng period in the laboratory, may undergo considerable 
variation in virulence. Kunert (1936) records such variation in T. brucei and refers to 

Z mS h 118 madC b ^ Sc f hiUi ^' Duke and others. He considers that such variations 
wh™ bo j rea f rins ' blp l for the apparent difference in the effectiveness of a drug 

n QT 71 tested repea t' d |y on the same strain in the laboratory. Murgatroyd and Cossor^ 

ratorv ^ *• St f m °[ T ' bruwi ’ duri ng five years’ maintenance in the labo- 

be resistant & deC ' ea , Se “ ‘ts pathogenicity for guinea-pigs and mice, while it ceased to 

StakedX Jfc tf W ' 11 6 0t r CT hand ’ C ° rSOn (1939) fo,md tbat T - rhodesiense 

factors ofb 18 P? ssible that the degree of virulence of a strain is determined by 

lactors other than its continuous occurrence in a particular class of hosts. 

° f a S 1 train is also known t° be affected by the action of the kind of 
drug winch has been used against it. Thus, Dubois and Kohn (1939) found that, when 

niected mice were treated with ueosalvarsan, novoflavine or suramin, the trypano¬ 
somes from them were non-mfective but not when they were treated with tryparsamide 
or tartar emetic. J r 


The occurrence of such variation in virulence of a strain minimizes the value of cross¬ 
immunization tests as a means of differentiating closely related species; for, as remarked in 
tne course of an editorial comment in Sleeping Sickness Bulletin (1, 380; 1909), ‘the fact 
Hat animals immune to one strain of nagana promptly succumbed to a strain which dif- 
tered only in that it had been kept in a different species of animal shows the untrustworthi- 
ness ol cross-immunization experiments for the distinction of species. It also gives a hint 
o tne probable way in which species ot trypanosomes pathogenic to mammals were formed’. 


The Standardization of Drugs and of Chemotherapeutic Tests 

It is unfortunate that methods for testing the trypanocidal efficacy of drugs have not 

been standardized. The results recorded by different workers in this field can, therefore, 
hardly be regarded as comparable. 

a serious complication will have to be reckoned with if, as 
found by Brernl and Nierenstein (1909) in the case of arsenophenylglycin, the possibility 
ot cure diminishes as the weight of the animal increases. These workers report that in 
T. brucei infection they obtained satisfactory results when the experimental animals 
^vere guinea-pigs and middle-sized dogs, but donkeys proved resistant to treatment. 
According to Massaglia (1909), the natural defence against this form of infection is not 
due to the action of leucocytes (phagocytosis) but to specific antibodies. For determining 
the standard doses of drugs, Raven (1910 ) considers it a good method to increase the 
dose rapidly till one is reached which consistently produces toxic symptoms; 
for, it entails much expenditure of time if the dose is gradually raised until one is found to 
pioduce the largest number of cures. Kolmer el al. (1917a) recommend the following three 
broad principles for standardizing drugs against T. equiperdum infection in white rats: 
( 1 ) to study under microscope the degree of mortility exhibited by the parasites after 
exposure to suitable dilution of the drug; ( 2 ) to test the viability of the parasites after ex¬ 
posure to the action of the drug, then washing, centrifugation and intraperitoneal injec¬ 
tion into rats; (3) exposing a mixture of equal parts of the drug and infected, blood to a 
temperature of 37°C. to 40°C. and then injecting the mixture into animals. This last method 
is called by them ‘in-vitro-vivo method’. In another paper, the same authors (19176) men¬ 
tion the existence of a numeric relationship of infection to chemotherapy of experimental 
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trypanosomiasis, i.e. relationship between the number of trypanosomes injected and the 
degree of curative action exhibited by the drug. Thus, while rats infected with 500,000 
T. equiverdum trypanosomes were sterilized on being injected with 0 • 101 gm. of arsenobenzol 
per 100 gm. of rat, sterilization was not obtained when the number of parasites injected 
exceeded 2,000,000, although in this case the appearance of the parasites in the peripheral 
•circulation was suppressed. On the other-hand, Kligler and Rabinowitch (1927) found that 
the duration of the disease increased as the number of parasites injected was reduced. 
Barlowatz (1933) concluded from his expriments that the toxicity of an arsenical for small 
1 Todents and for man might not be parallel; it may be inoffensive for animals and noxious 
(‘nouif’) for man. Collier and Seegert (1933) bad already arrived at similar conclusions 
from their observations on the efficacy of myosalvarsan, fouadin „ and suramin for 
nagana in mice and guinea-pigs. They also observed the toxicity of the same drug differing 
with a different host. 

It is desirable to determine the chemotherapeutic efficacy of & drug by actual tests 
in vivo , for it has been conclusively shown that no generalization can be made as to the 
* relationship between the results obtained in vitro and those obtained in vivo. Thus, as 
pointed out by Yorke and Murgatroyd (1935), while many compounds are active both in 
in vitro and in vivo , suramin although inactive in vitro , shows in vivo an activity ana¬ 
logous to that of trivalent compounds. For standardizing suramin in regard to its 
toxicity, Van den Branden (1938a) suggests the subcutaneous injection of a fixed quantity 
of a fixed concentration of the drug, so that a constant number of animals (mice) is alive 
and well after a definite period. In a later paper, he (1940) suggests the slow injection by 
the intravenous route of a 5 per cent solution of the drug in doubly distilled water, in a dose 
of 0*40 gm. per kilo, to 5 mice each weighing 20 gm.; not more than two of these mice 
should be dead within six days. Van den Branden (1941) also tested the possibility of 
-quickly estimating the efficacy of neo-arsphenamine by the action of its fumes on white 
rats infected with T. brucei ; the method did not prove successful. He says that he does 
not recommend (‘pr£coniser’) this method but prefers what he calls the method of Kolle 
and Leupold. Kraneveld and Umboh (1939) observed that, under identical conditions as 
regards body weight, age, etc., the experimental animals sometimes reacted differently to 
the same drug, so that a large number of trials required to be carried out with a dru^ 
before conclusion could be drawn as regards its efficacy. The same authors found that the 

number of cures varied inversely with the number of fractions in which a dose was split 

up. ^ 

Fulton and Yorke (1943a) use the expression ‘minimum effective dose’ (M.E.D.) as 
being equivalent to the minimum dose sufficient for the purpose of sterilizing the blood 
of at least 80 per cent of the treated mice, irrespective of the time. The expression ‘minimum 
curative dose’ (M.C.D.) is used by them for the minimum dose sufficient for the purpose 
of curing in 30 days. As is well known, the usual method of determining the chemothe¬ 
rapeutic index—in other words, the efficiency—of a drug is to divide the fnaximum tolerated 
dose by the minimum curative dose: C.I. =M.T.D./M.C.D. The objection made by certain 
workers against this method is that the index thus determined may vary with the species 
of the host and the route of administration (cf. however, Zschucke, ante). The method 

” n ? miI1 f the chemotherapeutic index, as recommended by Trevan (1927) and Wien 
( £o), is based on the ratio of the median lethal dose to the median effective dose: 

q j __ Dose which kills 50 per cent of animal 8 LD50 

Dose which cures 50 per cent of animals CD50 
M/P2ICAR—3 
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A number of useful suggestions have been made on the subject of standardization ©f 
drugs in the report of the third session of the International Scientific Committee for Trypa¬ 
nosomiasis Research held in June 1951. Although these suggestions specifically concern 
melarsen and its compounds, they are of sufficient general interest to merit inclusion here.. 
The Committee have stressed inter alia (1) the imperative necessity of conducting tests 
for each drug in respect of its toxicity and remedial properties before it is sent out for use 
under field conditions; and (2) the adoption of measures for making available all laboratory 
protocols for the inspection of workers. In the case of diamidines—and this should apply* 
to several other drugs—they recommend expressing the dosages in terms of base instead 
of salt. 

The standardization of prophylactic doses of drugs necessitates more extensive trials 
inasmuch as the duration of the protection period for different doses has to be ascertained 
separately. In the case of pentamidine, however, Launoy and Logodsky (1946a) found that 
the size of the dose varied directly (‘proportionnelle’) with the duration of protection- 
Possibly, this may be found to hold good with certain other drugs. 


The Determination of Doses 


The two main principles of chemotherapeutic treatment, as succinctly stated in 
Sleeping Sickness Bulletin (1, 35; 1908), are: (1) Combined therapy and (2) alternation of 
trypanocidal agents. To these may be added what is known as (3) therapia sterilisans 
magna. The first of these has been explained as follows: ‘The combinatory method has the 
advantage that each drug can be used in doses much under those which are poisonous, 
to the organisms; if we attack the enemy from different sides simultaneously the forces- 
can be divided’. Concerning the second, it is stated: ‘We must ring the changes on the drug 
which are at our disposal. A trypanocide which does not at once sterilize the tissues 
loses its effect if the administration is persevered with. There is produced an habituation 
of the parasites to the remedy. This event should be forestalled by changing the p°ujh 
of attack, by bringing into play other drugs which combine with other portions of the 
protoplasm of the parasites, as Lhllich has indicated. It may be that by a timely change of 

rem<dy we can bring fresh forces to bear on parasites weakened by the first attack and 

therefore less able to resist a second’. The third principle enjoins the administration ot a 
drug at the maximum tolerated dose so as to preclude the production of resistant strains- 
Uhlenhuth and Woithe (1908) tersely define this principle as ‘ ‘as early as possible, as much 
as possible’. If large doses had been given at first the result might have been difleren - 
The application of this principle evidently involves a certain amount of risk in view ot the 
possibility of less resistant individuals developing toxic symptoms on receiving a heavy 

dose of the drug. 


further 


magna 


he observes: Mn the treatment oi experimental -- 

therapeutically active substances acts better and produces a surer curative effect in respect 

oi therapia sterilisans magna than do larger doses of the undivided components . One turtne 

principle laid down by him is that the combination of remedies from the same chemical 

group is less effective than that from different but closely related groups. 

Ciuca (1914a) suggests the unique method of increasing the efficacy of atoxyl 
l.evansi and T.hrucei infections in rabbits by injecting 1*5 to 2 c.c. of a 1 per cen so 
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tarebene into tlie thigh of these animals. The injection is followed oy aoseess i— - 
4 or 5 days. It should be opened and the terebene-smellmg pus drained out. 1 he 
abscess is then dressed and atoxyl injected as usual. Ciuca considers it probable that the 
iniection of terebene facilitates the formation of trypanotoxyl. For inexplicable reasons, t e 
practice of undertaking investigations into the possibility of devising methods designed to 
mitigate the physical pain—due to allergy, etc. following the injection of cert un classes 
of drugs appears to have ceased altogether. The usefulness of this lme of work is illustrated 
by the fact that Thiroux (1909a) forestalled the untoward symptoms of intravenous ad¬ 
ministration of emetic by injecting 20 cgm. caffeine subcutaneously earlier, although the 
injection was ‘un leger inconvenient’, for it produced vaso-constriction ‘assez accmtuee’ 

9 

The question of selecting suitable types of laboratory animals for studying the progress 
of trypanosomiasis or testing the efficacy of a drug is of greater importance than app ars 
to be generally realized. Nierenstein (1912) expresses doubt as to the suitability of mice 
owing to their tolerance for a number of drugs. Guinea-pigs, according to him, show better 
the fluctuations of temperature and also the result of treatment, although t.iey may often 
die without showing parasites in the circulating blood. He further states that rabbits are 
best suited for studying the chronicity of the disease. Pearce et al. (1918) have shown that 
mice and rat# are suitable test animals when quick results are desired, but the syndrome 
of trypanosomiasis in rabbits assumes a chronic character ( cf Nierenstein, ante ) an 1 there¬ 
fore presents a closer similarity to natural infection, so that the two types supplement each 
other. They point out that, in records of work on * trypanosomiasis, one hardly com) acros \ 
‘any clear-cut application or even recognition of these principles’. Similar views have also 
been expressed by Pearce and Brown (1919) in connection with their stud es on the efficacy 
of tryparsamide. 


Routes for Administration of Drugs 

# 

For the oral administration of durgs, Marks (1909) suggests the intrastomachal method 
(‘intrastomacher Zufiihrung der Heilstoffe’), such as by means of a sound, inordir to 
enable large quantities of the drug to be introduced into the stomach. He records having 
produced cure in mice by a single dose when used in this manner and points out that, if 
the drug is administered in cakes, its quantity and absorption remain uncertain. The oral 
method would appear to present distinct advantages in some cases over the parenteral 
methods. Thus, Levaditi et al. (1926) found tryparsamide and cer ain other arsenicals 
highly effective prophylactic ally when administered by the mouth against nagana in 
rabbits. On the other hand, Zschucke (1936), referring to suramin states that he found 
the drug unsatisfactory when administered by the oral route, this being attributed by him 
to the different degrees of absorption in different individuals. 

Bevan (1926) claims to have caused temporary sterilization of the circulating blood 
of guinea-pigs infected with T.rhodesiense and T.brucei by dipping them several times in 
arsenical solutions. Cooper’s dip used at a strength of 1:300 was ineffective, but the dis¬ 
appearance of the parasites took place when the animals were given 3 to 5 dippings 
in a 1:156 strength of the dip. Bevan attributes this effect to the gradual absorption and 
accumulation of arsenic in the tissues of the animals. He, however, considers the experi¬ 
ment to have been ‘inconclusive owing to the scarcity at any time of trypanosomes in the 
blood even in the control animals’. 
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It is of interest that even the possibility of obtaining cure of trypanosomiasis through 
inhalation of drugs has not been left untested. Thus, Silberschmidt (1935) enclosed evansi- 
infected mice and rats into a box sprayed with a solution of tartar emetic. The enclosed 
animfils lived for more than 30 days and the controls for 3 to 9 days. Van den Branden 
(19386) also obtained temporary sterilization in 14 6racei-infected rats by subjecting 
them to the action of the vapour of suramin. 

Fulton and Yorke (19436), in their studies on T . rhodesiense infection in mice, found 
that the maximum tolerated dose of novarsenobillon and tryparsamide was the highest 
by the subcutaneous and the smallest by the intravenous route, but that both tryparsamide 
and reduced tryparsamide gave equally good results by the intravenous and intraperitoneai 
routes. They obtained the ‘best therapeutic indices by subcutaneous administration’. 
Variations in efficacy were also observed by them in accordance with the >pccies of parasite 
against which treatment was applied. Thus, in T. rhodesiense infections, 4:4-diamidino- 
monomethyl stilbene, when given subcutaneously, showed the highest therapeutic index, 
while in T.covgolense infections, the subcutaneous administration of this drug was not 
more effective than that of 7 amino-9 (p-aminophenyl)—10 methyl phenanth idinium 
chloride. On the other hand, the intraperitoneai administration of the stilbene in T- 
congolense infection gave better results than that of the phenanthridiniunj compound. 

It may, however, be assumed that there is scope for improvement in the actual techni¬ 
que of administration by any particular route. Thus, in the report of the Chief Veterinary 
Officer, Rhodesia, for 1923-24, the posterior auricular vein, rather than the jugular vein, is 
recommended as a suitable site for the injection of tartar emetic, although the reason for 
t his recommendation is not clear. Fowler (1945) in Gold Coast worked out a method 
for the administration of massive doses of tryparsamide by the intravenous route. Tho 
patient was made to lie down and, with a special apparatus designed for the purpose, the drug 
was injected at the rate of 40 drops a minute, as much as 2 pints of the solution being thus 
injected in 8 hours. The actual amount of tryparsamide injected each day was some¬ 
times as much as 2 gm, the treatment being continued for 6 to 9 days with a day’s 
interval when considered necessary. Fowler treated a total of 35 cases of sleeping sickness 
by this method and the results are reported by him to have been highly encouraging. 

A natural corollary of the failure of drugs, when introduced into the blood circulation,, 
to exert their action cn the trypanosomes lodged in the cerebrospinal system has been the 
development of the intrathecal method of injection designed to reach the parasites at this 
otherwise inaccessible site of infection. As early as 1909, Balfour suggested the injection^ 
of a trypanocidal drug into the blood and, on the patient showing signs of improvement, the 
injection of his own serum into the cerebrospinal fluid. Shircore (1921) cites Thinoux and 
D’ Aufreville as also having suggested the intrathecal method of injection of serum about the 
same time as Balfour. Reichenow (1914) records having given intraspinal. injection of 
neosalvarsan successfully. Concerning the possibility of untoward results being produced 
when administered in this manner, Kopke (1916) says that the method entails no danger, 
although the degree of benefit derived from it is uncertain. 

Marshall (1920, 1921a, 19216), Marshall and Vassallo (1921) and Eyre and Marshall 
(1921) made use of this method with encouraging results in the treatment of sleeping sick¬ 
ness. The last named workers injected intraspinally neokharsivanized serum in combina¬ 
tion with the intravenous injection of the drug. According to Marshall, the non-penetrabi¬ 
lity of metallic drugs into the cerebrospinal fluid is due to a pathological change m the 
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■ n „ ps caufle d by the trypanosomes that have found their way into the central nervous 
implying thereby that normally such drugs are capable of penetrating that loca- 

Marshall (1921a) gives a sketch of appliances used by him for intrathecal injection. 

/ 19 2l) published an informative review of MarshaU and Vassal lo’s work and portions 
nf°t,bis review will bear quotation : ‘It is doubtful, however, if MarshaU and Vassallo are 
Correct when they state that the fact that the metallic medicaments do not reach the cere- 
Wninal fluid is due to a pathological change in the meninges brought about by the try¬ 
panosomes in the central nervous system. Halliburton (1921) pointed out at a meeting of 
the Koyal Society of Tropical Medicine and Hygiene m the discussion which followed Mar- 
shall’s paper that the cerebrospinal fluid is a secretion and that both in health and disease 
the choroidal cells maintain their role of a stalwart barrier, keeping back foregin materials 
circulating in the blood. Only one or two volatile materials, e.g. alcohol get through and 
there is no passage of poisonous materials like arsenic or antimony from the blood to the 
cerebrospinal fluid. Prof. Carl Voegtlin, on the contrary, informed the reviewer in a private 
communication that he had frequently found traces of arsemc m the cerebrospmal fluid of 
normal rabbits and syphilitic patients after intravenous injection of large doses of salvarsan 
and neosalvarsan; and, further, that he had observed that intravenous injection of large 
doses of these drugs and of atoxyl caused within 24 hours a great diminution in the number 
of parasites in the cerebrospinal fluid of rabbits which he had subdurally injected with a 
heavy suspension of‘T. equiperdum .* Yorke considers that the possible explanation of 
the discrepancy between the two views is that arsenic and antimony may penetrate into 
the cerebrospinal fluid only when they are injected in large quantities in the circulating 
blood. Concerning the related question whether relapse strains of parasites in the circulat¬ 
ing blood originate from the cerebrospinal fluid. Yorke expresses the view, supported by ex¬ 
perimental evidence, that this may be true for advanced stages of the disease but that, in 
cases of relapse in early stages of the disease, the strains originate from tissue spaces (e.g. 
cornea) and circulation backwashes, where the trypanosomes remain protected from the 
action of drugs. Voegtlin et al. (1923); investigated the relative penetrability into the cere¬ 
brospinal fluid of arsphenamine, neoarsphenamine, silver arsphenamine and sulphur phena¬ 
mine,when these drugs were injected intravenously. The penetrability was determined by 
studying (1) the disappearance of arsenic from the circulation and by the arsemc content 
of the cerebrospinal fluid and the brain tissue; (2) their effect on the parasites injected into 
the cerebral subarachnoid space. The second method was found to be more effective. 
The result of their investigation evidently confirms the findings of Voegtlin referred to by 
Yorke (1921, ante). 


Lefrou and Ouzilleau (1922a) altogether discredit the therapeutic value of intrathecal 
injection of medicated serum advocated by Marshall and Vassallo and they also mention 
having found the direct intrathecal injection of d ugs as producing fatal results. They 
conclude from their work with atoxyl and neosalvarsan that the intrathecal injection does 
not present any superiority over the intravenous. Van den Branden and Van Hoof (1922a) 
consider it likely that Marshall and Vassallo would have found the drugs equally effective 
when injected by the intravenous route alone. They mention having treated 12 cases of 
sleeping sickness by the intraspinal injection of salvarsanized serum. Ten of these cases 
relapsed and the other two worsened, although they did not relapse. Van den Branden (1922 
a), referring to Marshall's method, says that he tested it on 18 cases of sleeping sickness 
and found it of little value. Marshall and Vassallo (1923) in a rejoinder quote figures to 
prove the success of the method, namely, an intravenous injection of salvarsan, followed 
24 hours later, by an intrathecal injection of salvarsanized serum. They consider it possible 
that Torke, like many others in the present year oi grace, has a personal aversion to the 
local treatment of infections of the central nervous system’. They claim to have obtained 
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recovery in 66 • 6 per cent of the cases treated by them and in another instance in 94-100 
per cent of the cases. The controversy on this subject would appear to have come to a 
close with Marshall and Vassallo’s (1926) own admission that the intrathecal method 
yielded little success when tested on cases in the Nile district. 

SoraTnin proved in the hands of Mayer (1921) to be a drug suitable for intrathecal in* ' 
jection m the treatment of experimental dourine. He records having successfully treated 
by this method a guinea-pig, and a dog weighing 14,000 gm., at a dose of 0*02 gm. and 0*7 
gm. respectively. In India, Edwards (1926) employed the intravenous-intrathecal method 
of injection for the routine treatment of equine surra. The drug was highly diluted, the 
dosages bemg 1/500th of that used for intravenous injection. The dosages for the two 
routes were worked out on the basis of the relative weights of the cerebrospinal tissues and 
the blood volume. The method has been fully described by him with illustrations. Saunders 
(1928), however, records having obtained cure only in one out of five human patients treated 

1 ^ * M m suramin in small dilute doses. The injection 

was found by him to produce alarming symptoms. 

Shircore (1928) and Peruzzi (1928) view all forms of intraspinal injection with dis¬ 
favour on account of the likelihood of uninfected cerebrospinal fluid acquiring trypanosomes 
from the blood as a result of such operation. 

Radra (1938) suggests the adoption of what he calls ‘Schacherl’s method* of ensuring 
the penetration of drugs into the cerebrospinal fluid after these drugs have been intro¬ 
duced into the circulating blood. According to him, the destruction of the meningea 
barrier can be effected by the injection into the spinal canal of arsebenyl dissolved in 9 c.c. 
of cerebrospinal fluid and mixed with a sma J1 quantity of distilled water. The injection is 
given slowly and the patient is made to lie down for 24 hours in a horizontal position. After 
this, he is given the usual course of treatment intravenously with trypanocidal drugs. 
By this method, he claims to have brought to normal the cerebrospinal fluid in 6 out of 
7 patients treated by him. In reviewing Radra’s article, York© expresses his inability 
(shared by the present compiler) to understand the mechanism whereby the meningeal 
barrier is destroyed. 


Lourie (1943) has discussed the relation of the so called ‘blood brain barrier* and cere¬ 
brospinal fluid with the efficacy of drugs employed in the treatment of sleeping sickness. 
He gives the probable location of this ‘barrier* as the walls of the cerebral capillaries, 
it bemg, therefore, necessary for drugs to pass through the capillary endothelium into the 
perivascular and pericellular spaces. The property of a drug favourable for its passage 
through the ‘barrier’ has not been determined with any degree of precision. Suramin 
which is a highly effective trypanocide when present in the general blood circulation, is 
known to possess little power of penetration into the cerebrospinal canal, while tryparsamide 
is generally recognized to be a drug which, although not particularly effective in the circulat* 
ing blood, quickly finds its way into the cerebrospinal fluid. According to Lourie, the 
electro-chemical properties constitute a factor that determines the penetrability. 


Whatever be the physical relationship between the circulating blood and the cere¬ 
brospinal fluid, the immediate desideratum obviously is the search for a drug endowed with 
the property of readily penetrating into the meninges when it is introduced into the blood. 
Reichenow (1921) claims to have cured five cases of cerebrospinal infection in sleeping sick¬ 
ness by injecting into the circulating blood urotropine with alcohol, combined with the 
administration, on two consecutive days, of 0 • 5 gm. atoxyl and 3 gm. urotropine. 
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Terminologicai. Inexactitudes in Chemotherapy 

It would mn> OF» » question whether t” U 

clearly indicate, the Merene. of ttef.r» of treatment ^ *7 in lac , „f 

oology. Merillat (1938) to .mm ™ . .Uered in this Held by both 

‘chemotherapy mrecogmtioaofth P io ® would be more in the nature of a tribute 
physiologists and cheats. ^^uch ^n xp 0 f this science. ‘Parasitotropy 5 or 

to early workers than as an mdicat iate term for this science. The former, how- 
‘parasitotherapy rmgh t be Halberstaedt er (1910a), does not take into 

ever, as pointed out by g j cell to tbe poisonous effect of the drug. They, 

Parasitergy=Parasitotropy X sensitiveness (parasites) 

Organergy ^Organotropy X sensitiveness (host) 

., . ., .1 „„ „:tp the example of quinine when used on nagana infected 

Blucidajrg > ^ ^ ine ff e ctive when used subcutaneously, but produced 

SSSS this ca?e as follows: When quinine is injected subcutaneously organergy= 
parasitergy; when it is fed organergy < parasitergy. 

A reference may also be made here to the expression ‘prophylactic therapy 5 , as 
distinct from‘curative therapy’, used by Aubert and Heckenroth (1913a) to designate 
measures directed to sterilizing the peripheral circulation so as to render the subject 
incapable of serving as a reservoir of the disease. To avoid confusion, it world obviously 
be desirable to restrict ‘prophylactic 5 to the conventional sense of preventing a subject 

from contracting disease. 

The terms ‘first stage 5 , ‘second stage’ and ‘third stage’ used to express the extent 
to which ti ypanosomiat is has progressed in a patient call for greater preen ion and may 
even be avoided altogether; for, as Leger (1931) points out, cerebrospinal involvement 
may occur in the so called ‘first stage’ of the disease so that lymphtico-blood menmge-1 , 
etc would be more appropriate expressions to designate stages of the duease. 
He" however, concedes that the relative duration of these periods is plus grande elasti- 
citl’ A f imi ar view has also been expressed by Leger in a later (1932) paper published 
by him in collaboration with Marcel and Sic6. In this paper, the authors observe : 
‘n’v a pas dans la Maladie due Sommeil, une systematisation inflexible en deux penodes 
distinctes’. According to Harding (1945), neither the presence or absence of trypano¬ 
somes in the circulating blood nor clinical symptoms can be regarded as a reliable guide 
for determining the stage of sleeping sickness. It is the picture of the ceiebrospmal 
fluid on which one must depend for correct diagnosis of the stage to which the disease 
has progressed. This remark should also apply to trypanosomiasis of animals. 

A good deal of confusion exists about the nomenclature of certain drugs on account 
of the different trade names by which they are referred to in chemotherapeutic literature 
or are advertised for sale. Henry and Gray (1935) have given a useful list of equivalents 
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for some of these drugs. The list is reproduced below, with the addition of some newer 
names marked with asterisks. 

(1) Tryparsamide: tryparsone, glyphenarsine, tryponarsyl, trypotan, novatoxyl, 
tryparsonum*, sddium-N-phenylglycine-amide-p-arsonate*, naphuride*. 

(2) Acetylarsan : Stovarsol. 

(3) Saharscm: 606, arsphenamine, neosalvarsan, novarsenobenzol, novarsenobi- 
llon, Ehrlich 914. 

(4) Ge rman in : Bayer 206, Fourneau 309, moranyl, naganol, suramin*, belganyl, 
antrypol*. 

(6) Trypaflavine: 303, acriflavine, gonacrine. 


Henry and Gray remark that ‘it is a counsel of perfection, which not even the 
most enthusiastic of organic chemists would urge, to ask medical men to use the systematic 
chemical names of synthetic drugs’. 


Concerning the equivalents of germanin, Hawking (1941) says that suramin is hygros¬ 
copic and absorbs moisture which may be as much as 40 per cent, while antrypol has a 
water content of about 14 per cent. ‘Bayer 206’ (in ampoules) is stated by him to* be 
anhydrous. These differences in water content are not known to affect their toxic or 
therapeutic properties. 





• CHAPTER I 

Diagnostic Methods for the Detection of Trypanosomiasis 

T HE drugs in use in modem chemotherapy of trypanosomiasis usually sell at a price 
hardly within the reach of the average stock owner in India, so that one has to make 
oe rtain by the adoption of efficient diagnostic methods that indication for the use of such 

drugs really exists. 

Although the examination of blood smears combined with biological tests constitute » 
In a majority of cases a fairly efficient method for the detection o trypanosomiasis, it 
iinow well known that this diagnostic method is much less dependable than it was regarded 
in the early days of trypanosomiasis work—particularly in the so called ‘cryptic’ infec¬ 
tions, or when the infection is not sufficiently generalized, or when the parasites have 
sheltered themselves in safe retreats, such as in the cerebrospinal canal or in tissue spaces. 
In such cases, some form of serological test is an obvious necessity. 

The more important serological methods at present in use for the diagnosis 
of trypanosomiasis are: formo-gel, mercuric chloride, complement fixation tests and 
red-cell adhesion. A number of other diagnostic methods have been brought into use 
from time to time by different workers but they have met with little acceptance. 

Formol-gel Test 

One of the commonly used methods for the diagnosis of camel trypanosomiasis 
(T% soudarumse infection) in Africa is the formol-gel test It is briefly described here for 
the convenience of field workers in India, who may not have ready aocess to literature 
on the subject The test, according to Knowles (1927a), is performed by adding 2 drops 
of commercial formalin to 1 c.c. of the suspected serum. The mixture is left for 21 hours. 
The reaction is regarded as positive or weakly positive in accordance with whether a 
complete or incomplete gel is formed. It is negative if the serum remains fluid after 

24 hours. 

« 

Hornby (1923) found it valueless for the detection of bovine trypanosomiasis in 
Central Africa. 

Spackman 1923) tested the value of formol-gel method on 6 surra camels ; in 5 complete 
and in the other slight opalescence and gelatinization were obtained, while no reaction ' 
took place in the control. The formalin ‘must strongly small of formalin’. 

Bennett, the discoverer of the sublimate test, appears to have successfully used the 
formol-gel test, in his earlier work, for the diagnosis of camel trypanosomiasis. In the 
annual report of the Sudan Veterinary Department for 1927, he recommends the use 
of the test in November, that is, 2 months after the period July—Saptember when 
cannls usually become infected. He, however, stresses the desirabil ty of supplementing 
the test by microscopical examination. 

Knowlis (1924), in particular, found the formol-gel test generally reliable. A form of 
trypanosomiasis for the diagnosis of which Knowles (1927a) used the te>t in the Sudan 
is locally known as ‘gufar’ which is considered by him to be th3 same as surra and identi¬ 
cal with what is called in N.-W. Africa c el debab’ and ‘m’ borih He concludes from 
these tests that healthy animals to the extent of 5 to 7 per C3nt may give po itive reaction 
to the test, but that such reactions are generally temporary. He records having failed 
to obtain evidence to show that reaction to this test may occur in diseases*other than 
trypanosomiasis. On the other hand, Cernaianu (1928) found the test to be positive 
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for dourine, glanders and epizootic lymphangitis, although never for healthy animals.. 

He describes the test as a valuable accessory diagnostic method (‘wertvoller diagnostisches 
Hilfsmittel 5 ). 

Referring to dourine in Albania, Carpane (1939) states that he found the formol-gel 
test reliable for the diagnosis of the disea**. 

Gusev et al.( 1940) carried out the formol-gel test pari passu with microscopical 
examination for surra in as many as 4311 camels in the Kara-Kalpak Republic. Try¬ 
panosomes were found in smears from 26 cases, while formol-gel test gave positive or 
doubtful results in 97 cases ; only in 4 cases were the results of both positive. These 
workers, therefore, regard the formol-gel test as not being specific. 

It is of interest that Brenner (1924) applied the serum aldehyde test (same as formol- 
gel test) in 10 cases of sleeping sickness and all proved positive; 7 normal persons did 
not react. 

Morrison (1924) has tabulated 20 human cases, of which 13 showed positive reaction 
to formol-gel test. Of these 13, 4 suffered from other diseases and he, therefore, does 
not attach a ‘definite diagnostic value 5 to the test. 

Gutierrez (1928) records 80 per cent positive cases with formol-gel test in human 
trypanosomiasis. Cockson (1947) also appears to have obtained some positive results 
with this test in the same disease. He considers the test to be of ‘distinct value 5 and especially 
so ‘where refinements of diagnosis are impossible 5 . 

Dye (1926) found that the formol-gel test was of very limited value when used for 
the detection of T. rJtcdesievse infection Ledentu and Vaucel (1927a) likewise used it 
with little and partial success in the diagnosis of the disease amongst Africans and Euro¬ 
peans respectively. 

That the serum formalin reaction is not specific for trypanosomiasis appears to have 
been conclusively established by the fact that Johnson (1925) found a large number of 
syphilis patients in Nigeria reacting positively to the test. Thus, out of a total 168 
s , ra f r om infected cases, as many as 84 were strongly and 24 weakly positive. The sera 
were also subjected to the Sachs-Georgi test and the results, as compared with those 
obtained with the serum formalin test, were as follows : with the Sachs-Georgi test, 99- 
cases were strongly and 28 weakly positive, while 41 were negative Of these, 80-8 per 
cent 53*6 per cent and 31-7 per cent gave positive serum formalin reaction. 

' Ledentu and Yaucel (1927a) likewise found the test to be non-specific, being also positive 
in c° ses of syphilis. Contrary to what one would expect, they found that, m human trypano¬ 
somiasis the P reaction took seven minutes to take place in the first-stage untreated 
Sb' 25 minutes in the second-stage patients and 2 hours m advanced cases 
? w,7 and Vaucel (19276) concede that both agglutination of red cells (infra) 
LdTomoC useful lids tor the di.gnosi. of trypu—ia.j. « d they prod*. 

“L tales to show that they are almost of equal rank m re.peet of „1,ability Aecorfmg 

. ° an absence of auto-agglutination always corresponds with a negative formol- 

gelificaTi’on Wilson (1930) likewise regards these tests as of equal value although neither 

iS 6P The'reaction rate of formol-gel test (also called ‘Reaction of Gate’) is stressed by Hope- 
r . ,, hqoQ. cf Ledentu and Vaucel, 1927a) as an index for the diagnosis of T. gambiense 
Gl , i ’ The reaction is strongly suggestive of positive infection if it takes place in 

«° rCd»S.ta» »Sy uhssnt if th. wumtiou doss »o. i. 24 hour.. 

« “SdeTto pr.yi.mdy «“»»*■> » *VP*—»*• 
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li Mercuric Chloride Test 

Th, mercuric chloride «* developed by 

them to hove been used with eS“\ 5 drf to 1 c™ of 1 - 20,000 

or greater dilution. A positive reacfaon ^ detected by *n^ty and g ^ tp 56 

no change at the end examinatkin of blood smears. 

camels, side by slde J hth 3 ° proved positive to all the three tests; 14 positive 

The results were as follows. 3 ot the ammais pro ^ t f or mol-eel and mercunc 

to microscopical examination and mercuric » P y 3 tests w yi e none negative 

reaction is referable to the relative and absolute increase of the euglobulin of the serum 

Bennett (1933a), referring to T. evansi infection in camels in Sudan, claims that 
the mercuric chloride test is not only superior to the formol-gel test but is more reliable than 

microscopical examination. 

Coronel (1933) states that he applied the test to 14 buffaloes infected with surra and 13 
of these proved positive and this was confirmed in each case by microscopical examination. 
The remaining one was negative to both the sublimate test and smear examination. Tcherno- 
moretz (1933) testifies to the accuracy of the method in T. equiperdum m guinea-pigs and- 

mentions it as being ‘clear and reliable’. 

On the other hand, according to Manley (1929),the test is valueless for cattle trypanoso- 
miasis. Nieschulz and Wawo-Roentoe (1929) likewise report having found tl e testmeffective 
for cattle surra. Krijgsman (1930), although conceding that the sublimate test may be of some 
use for the diagnosis of surra in camels, does not consider it as specific for the disease, for one 
of the factors that cause flocculation of the serum proteins characteristic of the test is the 
concentration of the lactic acid and this occurs in a number of pathological conditions. 

Hall (1930), referring to T. congolense and T. vivax infections in Nigeria, reports having 
found the test unsuccessful in cattle and goats and the adhesion phenomenon (infra) only 
occasionally effective in T. congolense infections. 

Kuppuswamy (1941), referring to T. evansi infection in cattle and goats in Penang, 
states that both the sublimate and the formol-gel test are ‘of doubtful value for the diagno¬ 
sis of this disease. 

9 

The results obtained by Randall (1935) from the use of sublimate test in equine surra in 
the Philippines showed that the test was unreliable and in any case much inferior to 
complement-fixation test. Thus, with the latter, prositive or ‘suspicious’ results were 
recorded in 47 infected animals and negative in 20 controls. With the mercuric chloride 
test, 18 positive, 16 < suspicious’ and 11 negative results were recorded in infected cases and 
one positive in a control animal. As a matter of fact, it may be declared that repeated trials 
have shown that the reliability of the complement-fixation test for the diagnosis of 
trypanosomiasis still remains unchallenged. 

Van denBranden (1935), too, found the sublimate test (called by him ‘Foulton’s Reaction’ 
not sufficiently specific as a means of diagnosing T . congolense and T. brace'- infections irf 
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rata. De Georgi (1936) likewise found the test (called by him ‘Foulton’s Mercuric Chloride 
Test’) as being of no practical use in the d:agnosis of T. evansi , T. brucei and T. pecuudi 
infections in white rats. 

Steevenson (1938) in Waziristan (Pakistan) applied the sublimate test in an outbreak 
of camel surra and found that in some cases the test was not positive until two weeks after 
infection, while in animals that had recovered after suramin treatment, the test continued 
to be positive for about a month. He recommends that for the study of flocculenee ‘the 
tubes should be held against a dark background up to a strong light.* According to Jones* 
(1936), nitric acid test is definitely specific for trypanosomiasis, although he mentions 
Bennett and Kenny as having called it non-specific. 

Complement-fixation Test 

The complement-fixation test is perhaps the most dependable of all the diagnostic 
tests so far devised for trypanosomiasis, although in veterinary work the laborious method 
necessary for carrying it out makes it unsuitable for large-scale use under field conditions in 
India and, possibly, also in most countries where animal trypanosomiasis is prevalent ta 
any large extent. The test has been adopted during recent years on a fairly extensive scale 
in the Philippines (Kelser, 1927), while in India, it has been employed by the Mukteswar 
Institute with uniform success. 

4 

The test appears to have been used successfully by Chu-Jen-Ku (1926) for the diagnosis 
of what he calls ‘mal de coit’ (evidently dourine). The reaction in the case of rabbits is 
stated by him to have been regularly obtained (‘regelmassig festgestellt , ). 

Bobinson (1926) studied the comparative values of complement-fixation, Sachs-C 
and Meinicke Lipoid-fixation tests in the diagnosis of dourine and nagana. The last is 
essentially a flocculation test and involves the use of‘alcoholic horse heart extract and 
dourine antigen.* The first proved to be the most dependable. De Kock et al. (1939) have 
shown that, in dourine, even chemotherapeutic treatment does not influence reaction to 
the comph ment-fixation test. They found the test to be ‘very consistent.* 

Adhesion Phenomenon 

The adhesion phenomenon, as defined by Davis and Brown (1937), ‘is characterized 
by the adhesion to the parasites, when acted upon by the immune plasma in vitro , of blood 
platelets and other bodies.* It may, therefore, be used in the discovery of reservoirs of 
infection. As far back as in 1917, Wehrbein developed what he called ‘conglutination* 
method for the detection of dourine, the method being described by him as closely resemb¬ 
ling deviation of complement test (‘durch zuftihren als die ubliche Komplementablan- 
kungsmethode’), except for the fact that it was the clumping of the blood corpuscles, and 
not haemolysis, that served as an indicator in the final reading. ‘Agglutination* and ‘dis- 
agglutination* of red corpuscles and al so 'p seudo-agglutination’ were three other diagnostic 
methods described by Marty (1917) for the detection^of trypanosomiasis. ‘Auto-agglutina¬ 
tion’, described by Hornby (1919a), is more or less a similar phenomenon. According to him, 
it is generally possible, on the basis of the phenomena of agglutination and disagglutination, 
to diagnose trypanosomiasis (‘la recherche de l’agglutination avec son cortege deglobulidea 
permit de diagnostiquer sans difficulty la plupart des trypanosomiases’). 

Bickenberg (1917) was the earliest to record the phenomenon of adhesion as understood 
at the present time. He noticed that, when a rat was infected with nagana from mice and 
then cured with tartar emetic or any other drug, and 3 to 4 days later, when a drop of blocA 


Sy £ occurred, but in addition, plKts adhered to ^TPanosomea 

non-inmmne Jdmal. The phenomenon occurs only with a tomologous Btr.m and is ther^ 
fore snecific It is called by some workers Rickenberg Phenomenon . The 

fred-S adhesion’— ‘thrombocytabarin’ of Leupold (1929)-is to be regarded as an ex 

tension of ‘Rickenberg Phenomenon’. Leupold gives an instructive plate of 2 ^ustrat , 
oneTcover-glass preparation of fresh blood and the other in Giemsa-stamed blood 

smears. 

Johnson and Lester (1929) consider the adhesion phenomenon as of real value for the 
diagnosis of human trypanosomiasis and much superior to formol-gel test. Ttey observed 
that the reaction did not occur with the sera of subjects not naturally susceptible to the 
strain of trypanosomes against which the sera were tested. Thus, 32 human sera gav 
negative reaction when they were tested against T. brucei or when human or rat sera were 
tested against T. cmgolense. With chronic cases of trypanosomiasis the test gave positive 
results. The sera from 200 cases of sleeping sickness were tested, with positive results, 
against T. qambiense, while three cases of syphilis and seven normal cases gave negative 
results. Sixteen cases of sleeping sickness gave positive results with a strain of T. gambiense 
but negative results with a strain of T. brucei. Regendanz and Jurukoff (1930) have 
published an useful article on the adhesion phenomenon. According to them, such adhesion 
originates through Tektinabsonderung’ of trypanosomes following the influence of immune 

sera on them. 


The observations recorded by Saunders (1931) cast some doubt on the dependability of 
adhesion pehnomenon for diagnostic purposes. He applied the test in cases of sleeping sick¬ 
ness in Gold Coast and noted the occurrence of partial adhesion in 91 per cent of them, 
while completely negative results were obtained in 75 per cent of the cases which were con¬ 
sidered free from the disease. According to him, the positive results obtained in the 25 per 
cent of the possibly non-infected cases may be regarded as being due to the test being non¬ 
specific or ‘to sub-infective inoculations’ or to mildly relapsing infections. The compiler of 
the present monograph, working in collaboration with his colleague Mr. Krishna Iyer, made 
fairly extensive observations on this test as a means of diagnosing experimental surra, 
but it did not prove of value. 


The mechanism of red-cell adhesion and its diagnostic value have been discussed by 
Davis and Brown (1927), Duke and Wallace (1930), Wallace and Wormall (1931), Brussin 
and Kalajev (1931), Brown (1933) and Wormall (1933). According to the last named worker 
the test, when positive, indicates trypanosomiasis, but no conclusions can be drawn when it’ 
is negative. According to Wallace and Wormall (1931), the red corpuscles, “under the in¬ 
fluence of a hypothetical substance ‘adhesin’, adhere to the trypanosomes and in a strongly 
positive reaction all the trypanosomes are completely enveloped with red cells.” Duke and 
Wallace (1930) found the phenomenon to be ‘irregular and uncertain’. Wormall recommends 
certain particulars in the technique to be adopted in applying the adhesion test. Brown and 
Forbes (1933) describe a case of sleeping sickness which, although clinically positive, failed 
to show trypanosomes in the circulating blood. It gave a positive reaction to red-cell adhe¬ 
sion. In a 13-page paper, Brown and t r Broom (1938) have published the results of further stu- 

^ CS °m_ re< ^" ce ^ a ^ es i° n and have also supplied some useful suggestions for conducting the 
test. They recommend what they call ‘standard concentrations’ of red cells and trypano- 
somes. Human red cells are washed three times in normal saline and the trypanosomes are 
also similarly washed. They are then standardized by haemocytometer. 
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Several other tests have been described from time to time for the diagnosis of trypano¬ 
somiasis. Of these, mention may be made of Bordet-George3 Reaction, which is referred 
to by Bessemans and Leynen (1923) as dependable for the diagnosis of dourine. (‘un 
excellent moyen de diagnostic’). Van Saceghem devised what he called the ‘trypanolein’ 
test, but Velu et al. (1924) and Curasson (1925) found it valueless. Velu el al. describe 
trypanolein as ‘un antigene special’. Its application is stated by them to result only in a 
slightly painful ( douloureuse ) tumefaction. 

De Almeida (1928 a) describes what he calls ‘Takata-Ara Reaction’ for the diagnosis of 
advanced cases of sleeping sickness with cerebrospinal involvement. The test would appear 
to be as follows: to 1 c.c. of the cerebrospinal fluid is added (a) 1 drop of 10 per cent solu¬ 
tion of sodium carbonate and (b) 0- 3 c.c. of a freshly prepared mixture of equal parts of 0.* 5 
per cent solution of mercuric chloride and 0 • 02 per cent fuchsin. These additions are stated 
by him to result in a flocculation reaction, which takes place in 3 minutes in untreated and in 
about 30 minutes in treated cases, but in the latter the reaction may also be negative. The 
test is also stated to give positive result in nervous forms of syphilis. 

It would appear that sera of human subjects affected with trypanosomiasis have the in¬ 
herent property of causing flocculation under a variety of circumstances. Thus, Sic6 (1929) 
demonstrated that such sera precipitated alcoholic extracts of heart muscles of sheep and 
goat infected with nagana. The sera were obtained by ‘coagulation spontan^e’ and keeping 
at 12°C. for 2 hours. 

A less known diagnostic test for human trypanosomiasis is referred to by 
Le Gac (1930) as ‘Targowla’s Reaction’. It consists in the successive placing in ‘un tubes 
& hemolyse’ of 5 drops of distilled water, 15 drops of suspected cerebrospinal fluid * n( I 5 
drops of paregoric acid (tinctura camphorae composite). In positive cases precipitation is 

obtained by agitating the mixture. 

Jones (1936) tested 20 chemicals for the serological diagnosis of cattle trypanosomiasis 
and found that nitric acid produced the best results, only six having been found by him to be 
weakly positive out of 111 cases believed to be free from trypanosomiasis. The test was 
apparently unsatisfactory for T. congolense and T. vivax infections, but with T. brucei, 

T rhodesiense and T. gambiense infections 75 per cent positive results were obtained. 
Generally the number of positive results obtained in trypanosomiasis was 45 to 50 per cent. 
The reaction chiefly occurred in chronic or latent infections and seldom in the early stages 
when trypanosomes were found in the blood. 

Van den Branden (1937) describes that he calls Formol-Neostibosan and Sulpharsenol 
Reactions in the diagnosis of animal trypanosomiasis. Neither proved good for the detection 
of T. brucei infection in guinea-pigs, rats and rabbits or T gambieme mfection m game - 
pigs A mention may also be made of what Guibert (1938) has called Pandey s Reaction , 
for diagnosing human trypanosomiasis; it would appear to be somewhat analogous to the 
Takata Ara Reaction described byDe Almeida (1928, ante). The suspected cerebrospmal 
fluid is mixed with about 7 per cent aqueous solution of carbolic acid crystals. A quantity 
of the mixture is poured into a tube and the colour of the meniscus in the tube-bkck 
greenish, blue, etc.—is observed through a small window of a box in which the tube is 

.laced. 

Curasson (1940) mentions an interesting instance of what he describes as ‘provoked 

flare-up of latent trypanosomiasis’ in 5 sheep infected with T. vivax. In these animals the 
^__ — —in 3 hours nf an intravenous iniection of 0*02 gm of pilocarpine 
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• 9iOoc of milk. The author refers to the 

La a- «** *™--“'“ ot the ot „ con », te „ *, 

A method developed by Bay ( ) eoansi ; n equa ] parts of glycerol and normal 

intradermal injection of a suspension ' swe lling caused by the injection has 

method for the detection °f bloc^d and^inactivated at 55‘-56°C., is 

gently discharged » W * B ui ’ ) conta ined in an agglutination tube. The 

degree of positive reaction bottom L a large mass and dissolves m 5 to 10 

minutes; (2) *»> *"*£■ISS the coagulum forms a ring 
Se"^ »» th» in about 2 minutes. The test give, negative reaction 
in equine sum and inconclusive resulte in. buffalo anna. 

A reduce m.y be m.dehem <» whet 3£3fiES "1“ 2 

detectmg trypanosomes. The me ^ ThuS) Brumpt succeeded in culturing 

vicarious vectors (usua y suspected for trypanosomiasis but negative for 

trypanosomes ^ SStiT In’? note appended to Brumpt’s 

article, Mesnil records havi ng m* on susceptible animus. In India, the 

^ m^£ive XZ value for the detection of latent forms of 2\ eransi if and 
£le K£K2 oTL specie" of «jpanoson,c is delhtitcly known. 

An interesting form of what may be called prognostic, rather than diagnostic, method 

described bv Schem (1925) for nagana, dourme and sleeping sickness. Whenblood of healthy 

rats or horses is added to infected blood contaimng non-motile ( unbewegbeh) 
rats or no their ac tivity and the duration of this activity is, accord- 

SgTSm, an index of the period for which the infected animal is likely to survive. The 
observation on the trypanosomes is made on a covershp preparation of the ~ocd. 
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CHAPTER II 

Arsenicals 

INTRODUCTORY 

a PERUSAL of the history of chemotherapy of trypanosomiasis, ever since this form 
\ PEKUbAb oi tne in y ™ « v g v, 0 ws that the class of drugs that has 

A of treatment was devise T fi J )m wor ] £ers ^ this field has been arsenicals. 
by even such drugs as tartar em ® tlc and • bein<T dev oted to its treatment. In the 

h.™ .«» obtWd * «™>i» «»» 

atoxylwill be briefly considered. Separate sections will also be given to the more recent 

consideration 8 of the once well-known drug arsenophenylglycin. Arsenicals have been 
adminis tered as a rule, intravenously and other routes have only been occasionally 
used Poincloux (1925) claim* to have obtained recovery by the use of vapour of arsenic 

in mice infected with nagana. f 

It is useful to remember that, as with other trypanocides, the therapeutic effect o* 

any particular arsenical often differs with the species of trypanosome against which it i» 
used. The truth of this remark is well illustrated by the fact that, w bile Giemsa claimed that 
the arsenical ‘Hochst 4002’ was highly effective against T. brucei, T. eqmperdum and 
T. rhodesienese in mice, Lourie (1931) found it vlaueless against T. gambiense, its 

prophylactic value being ‘negligible’. 

Slight variation in the chemical composition of an arsenical has been found to bear a 
relationship to its trypanocidal action in different species of parasites. Thus, 
Rothermundt and Burschkies (1939) have shown that the arsenious acid compounds with 
the composition 4-amino-2-oxyphenyl are more effective against trypanosomes, while 
those with the composition 3-amino-4-oxyphenyl have a more powerful reaction on syphilis. 

In dealing with arsenicals, a reference should first be made to Loefiler and Ruhs solu¬ 
tion which, at one time, constituted a popular remedy for several forms of animal trypano¬ 
somiasis. Beck (1910) used it successfully, by the subcutaneous route, against T. gambiense 
infection in mice, although he preferred a combination of atoxyl and antimony to this 
solution. 


Next to atoxyl, the arsenical that has received the greatest share of attention—in 
human trypanosomiasis, at any rate—is perhaps salvarsan or ‘606’ which, it may be 
mentioned, is merely the trade name for arsphenamine (diamino-dihydroxy-arsenobenzene 
dihydrochloride). Yakimoff and Kohl-Yakimoff (1910) found that, when it was injected 
subcutaneously into rats infected with T. gambiense , sterilization was effected in from 45 To 
65 minutes. In a private communication to these workers, Ehrlich himself reported having 
obtained cures in all animals when injected on the first day of infectiop and in 50 per cent of 
the animals on injection on the second day of infection, the dose used being 0*02 to 0*03 
gm. per kilo. Riquier (1911), in his observations on T. brucei and T'equiperdum infection im 
rabbits, found the so called ‘innocuous dose’ of salvarsan to be 0 • 015 gm. per kile. 
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A distinct improvement on salvarsan resulted when Ehrlich produced neosalvarsan, 
for, as Kersten (1912) observes, the latter is more soluble in water, while its proportion in 
arsenic to that of salvarsan is 2 to 3, that is, 1 gm. of salvarsan is equivalent to 1 • 5 gm. of 
neosalvarsan, so that it is less toxic. Kersten tested both drugs on nagana in mice and found 
that the curative concentration of neosalvarsan was 1 : 10 , 000 , against 1 : 4 , 000 , of salvarsan; 
neosalvarsan is, therefore, to be regarded as a more effective drug. Against T. equiperdum in 
rats, Schamberg et al. (1920) found neoarspbenamine (neosalvarsan) safer than arsphena- 
mine. It is noteworthy that, according to Gruhzit (1935), the arsenoxide mapharsen (raeta- 

amino-para-hydroxyphenylarsine oxide) is as effective as neo-arsphenamine against 
T, equiperdum in rats. 

Frosch and Knuth (1914) tested the possibility of increasing the efficacy of salvarsan 
for experimental nagana in the horse by combining it with optoquinine (aethylhydro- 
cuprein) and sodium salicylate, but found these combinations ineffective. They used the 
last two ‘als Adjuvantien des Salvarsan’. 

Lafont and Dupont (1915) testd the comparative efficacy of atoxvl, salvarsan, neosal¬ 
varsan, ludyland galyl for T. rhodesienese and T. gambiense infections in white rats when 
these drugs were used in doses of 0-15 cgm. per kilo.; only the last 4 proved effective 
(‘nettenent superieure’). The 4 arsenobenzenes were found to be 10 to 15 times as effective 
as atoxyl. The same workers (1914) had earlier isolated T. cazalboui from a goat and 
tested on this parasite, in vilro y the effect of all the 5 trypanocides mentioned above; atoxyl 
was found to be without effect, neosalvarsan exerted some reaction but proved to be inferior 
to the'other three. 

Seidelin (1915) obtained from Ehrlich a salvarsan-copper compound—so-called ^ 3 ’— 
for test on rats and guinea-pigs infected with T. brucei\ it was found encouraging in the 
treatment of this infection. He found tbe drug ‘powerful’ but the results were not ‘conclusive* 
as to its therapeutic value. 

Van den Branden (1916) gives some figures on the comparative efficacy for human 
trypanosomiasis of salvarsan and neosalvarsan and certain metallic combinations of the 
former. There were 4 trypanocides and the efficacy of each of them was determined by the 
duration of sterilization caused by it in 4 patients when the drug was injected at a speci- 
fied dose. 

Kuhn (1927) records the interesting observation that when mice infected with dourine 
were fed daily for five days with 1 mgm. of neo-salvarsan, a complete suppression of the 
disease resulted. 

A derivative of diaminoarsenobenzene prepared by Oeschlin, and named by him‘0^ 
was tested by Laveran and Roudsky (1914) by subcutaneous injection at 5 mgm. on mice 
infected with T, brucei , T . rhodesiense and T. dimorpJion. The drug proved to possess high 
sterilizing power, but observations do not appear to have been made for the duration of 
sterilization. The same drug proved to be of little value when tested by Laveran (1915) on. 
dogs and guinea-pigs infected with T. gambiense , T. congolense and T . soudanense. ‘Ok^, 
a derivative of arsenobenzene, was found by Mesnil and Motais (1915) to be more stable 
than arsenophenylglycin and also effective against T. gambiense in mice and rats. Both'Oi 
and ‘Ok^, in doses of 0*3 gm., were tested by Aubert (1915) on sleeping sickness with 
encouraging lesults. 

Danysz (1914<z), who worked fairly extensively with arsenicals in the treatment of 
trypanosomiasis, tested on surra-infected mice the relative trypanocidal action of di- 
oxyarainoarsenobenzol (abbreviated ‘ddab’), ‘ddab’ chloro-argentate (‘ACA’) ‘ddab* 
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"Zj as ‘ddab’ and 35 times as active as atozyl. « d d ttat the curative 

“*” b ” „, s „ll dome were »«■ effective than a w „ 6 „ 6 , tae , a., 

*» ta*i^L ,l *;£j3SS teat 24 horn of infection. *»•«»“ 


requr 

mice. 


drug 

(1914 6) gives 


•drate of dioxydiamin larsenobenzol and sulphate oi - 

nophenyigiyoni, ^^a^drate or oi l y on y t h e efficacy of 102 a 

dioxvaiaminobenzolate. Danysz (1 ) -,i ar senobenzol bromoargentate and 

product prepared by ^“ky^cm TtrBrSbOfH^Oa) 2 . Cure was obtained in 3 out of 
Saving the a. luargol. In enperimen- 

a batch of 5 mice. P ssib y, w Luw n til 71 found Danysz 102—an organic arse- 


and Wassilesky used luargol in a solution oi ^ c *“ ofa 1/90 0 solution 
They (1921) mention what th «I ' d “ dol ““ g ° 1 ’f ^“ent rolntion of this 

SMSaSSiS SE&22 Sthe'tlefted dl as 1 c.c. of a 0 ■ 4 per 

2 Sutio»?the active doe. being 1 c.c. of a 0-11 pe. cent aolnt.on. 

The drugs arsenic metolein (containing 8 per cent arsenic) *?* ^m^^ith Whlv 

iro^SresuK^iSTga^Vand'r.&^on infections in guinea-pigs; both 
-fche drugs were injected intramuscularly. 

An observation of significance is recorded by Fourneau (1921) regarding the relative 
.chemotherapeutic value of trivalent and pentavalent arsemcals. Contrary to the view ex¬ 
pressed by Ehrlich and accepted by most workers that the f % m . er ,® UpeI ° ’ J^eau 
cites the instance of oxyaminophen , larsf nic acid (the so called 189 ) P^red by him 
and found highly effective in the treatment of experimental trpan jsomiask. As for the 
alleged nervous symptoms produced by arsenic acids, he considers it likely that such 
symptoms are due to impurities. This preparation was tested by Navarro-martin (192.) on 
T. rhodesiense and T. brucei and was found to exert a marked trypanocidal effect againBt 
these parasites when injected subcutaneously. Its therapeutic co-efficient is stated by him 
to be superior to that of all known arsenicak. In a paper published later in the same year 
(1922), Navarro-Martin, working in collaboration with Stefanopoule, records the results of 
some tests made with this drug on guinea-pigs infected with T. brucei and T. gambiense. 
The maximum tolerated dose was found to be 0 - 25-0-3 gm. per kilo., the curative dose 
being one-third the minimum lethal dose. The drug was found by them to be parfactement 
tolerdes’. Blanchard and Lefrou (1922) used 189’ in the treatment of sleeping sickness. 
A medium dose of the drug effected a temporary sterilization, while a large dose, although 
highly effective, caused marked local reaction. 

The drug orsanine was tested for toxicity by Launoy (1939) on mice; it was found tha 
a single dose of 4 mgm. was lethal for 11 out of a batch of 20 mice tested upon, while 3 doses 
of 1,1 • 5 and 1 • 5 mgm. at 3-4 hours’ interval proved lethal for 5 out of 20 mice. A single 
dose of 3 mgm. was found to be curative for T. brucei infection. 



Two other pentavalent arsenicals may also be briefly referred to. These are the mono- 
sodium salts of 2-p-arsono-aDiiino-ethanol (etharsanol) and 3-p-arsono-anilino-propanol 
(proparsanol). . Their constitutional formulae are given below as being illustrative of 
the difference in chemotherapeutic efficacy caused by the slightest difference: 




Strain an-Thoiras and Loc venhsrt (1928), who produced these two drugs, tested them 
on T. brucei , T* equvperdum , T. e^uinvm, T. Uu isi and T. rhodesiense in rats and guinea-pigs. 
The therapeutic dose of the drug*—0-35 gm. intravenously—was about the same as the 
lethal dose (c/. fctoxyl), due to the fact that both drugs were excreted quickly. Three doses 
of 0*25 gm. of etharsanol on alternate days produced no bad effects. Etharsanol proved 
superior to p ropar ? anc 1, and according to them, it ‘produces no deleterious symptoms 
until doses approaching the lethal are reached.’ 

Reference may also be made here to the pentavalent arsenical a-4-artenophcnylgly- 
cylmonoglyceride, which has teen shown by Cantrell and McGeachin (1951) to be trypa¬ 
nocidal for T. equiperdum in mice, although it is lees active than tryparsamide. 

Possibly, one advantage, at any rate, of tinalent over pentavalent arsenicals is that 
several ccmpcurds of the former category have a lesser arsenic content. Thus, only one- 
tenth of the ars< nic in tr\ parsamide and other pentavalent arsemcals is contained in the 
trivalent arienbal amino-phenyl aisenothiomalate of soda, which was found by Launov 
(1935) to preduc e sterile recovciy in rabbits and guinea-pigs when the drug was injected at 
a dose of 5 cgm. per kilo. 

Adler (1921o) teste d the trypanocidal effect of phenylglycine amidc-arsenate of sodium 
on T . brucei and T. rhodesiense in rats, and mice; the minimum lethal dose of this drug 
worked out at 1 *2 gm. per kilo. At a dose of 0-7 gm. per kilo., it proved effective against 
T . brucei but net against T. rhodesiense . He mentions the high minimum lethal dose as a 
‘remarl able feat ure’ of the drug. Nicolau e tal . (1925) re port having made successful use of 
basic acety lo>.yi minoj henylarser.ate of lismuth in treating nagana in mice. Forty-eight 
hours after infection, they injected the diug, by the subcutaneous route, at a dose of 5 c.c. 
of an oily * usj elision containing 0*( 41 gm. bismuth and 0*15 gm. arsenic per c.c. 

Levaditi et al. (1926) tested the relative merits, as prophylactic, of the four phenylar- 
■enic comptui ds trypaisamide, ‘Fovrneau 270’, stovarsol and ‘Fouineau 112 against expe¬ 
rimental nagana in rabbits. The first two proved to be more effective, a dose of 0-1 gm. per 
kilo, being j rotective when injected 1-2 days and 2 days, respectively, befere a conjunctival 

inoculation with the parasites. * 

Between tnponarsyl (tiypaisamide) and‘Fcuincau 27C’, the latter was found by Van 
den Brandon (15 i4) effective when tested at a dose of 0-C5 gm. against I. congclense infec- 
tion in white iatf, while In pc narsyl was ineffective even at a dose of 0-2 gm. In view of the 
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c&m made by certain workers that working ia 

r"* w t: r; 

out It proven . arsenical known as neocryl or S.107 

A reference should also be made here .t oj£ . Morgan and Walton (1931,1987)- 

(sodiumsuccinanilomethylamide-p-arsona ) P P J f g hi drug for a m0 use weighing 

20 gnl. was40to50mgi*lwhJe the^nm t ^mide. Lester (1935) mentions the drug 

12-5 mgrn. , as compared mth 2°^g- with encouraging results, including some 

as having been used in a esses 

amelioration of thel.^v^thl^arsenicab ‘K.324’ and ‘K.352’ as having been found 
hfectiVe against ^S beMa mide-p- t hioarsenite and ‘K.352’ Di gluta- 

thionyl- 4 -acetammo. 2 %droxyph yl ^ ^ or when it was administered in 4 to 8 

ed with a single desr of K.352 ^at ^ results . Like most other remedies, both 

£s e e leSp-ved to be 'ent irely non-effective against T. congolense. 

n. s 

Llio»B consists in the fact tkst 96 hou ,, E le „ oi . 

(1944) tested 54^derivative, of phenyl *“ lf Cmost premising. f the.Th, 

*7 Zn of y Xnvl butryic^cd is, sect iding to Eagle (1946) curative for 

Bjp«,osom«i..of horses.and ^ 5 “£v« been nsrf rrith enconraging 

tioBs), but not of cattle. The dr g of 0-9^-0 *5 mem. per kilo. 2 to 3 times 

results in 20CIfdaTlyuS'toteTof'^24'injections were given. Arsenophenyl butyric acid 

ssssek - 

XSS’S.“L »cd in 40 mgrn. doses, thric. weekly, until n total of 

300-4 00 mgrn. had been given. . 

A number of arsenical preparations of undisclosed chemical composition, and bearing 
• t avrnboh have been introduced into the field of chemotherapy of trypanosomiasis. 
Tins, oi andMayeda (1927) mention ‘B.B.68’ as having been found, whjnt^i on 

ragana in mice, to have a therapeutic index of 1. ‘ , us compare wi . n to ‘B R 34’ 

and 3 : lin atoxyl. Presumably, thisis an ^emcalpyridmpreparation sl ^ arto 

and ‘B.R.34o’ which have been found by Collier and Krause (l929 b■ J 

panocidal for T. brucei in mice. Collier (1930) also mentions B.RdMa . a3 h ’§^ T ^^ 
against T. gambiense in white mice, its chemotherapeutic index being 1.50. Giemsa (19 9. 

1930) mentions a benzol arsenic aoid, designated ‘4002 and possessing g P* 
cidal action, with a chemotherapeutic index of 1:10 to 1 :16. Encouraging results are also 

claimed to have been obtained in 5 cases of sleeping sickness when the dra S ^s >U]ected 
intravenously in repeated doses of 1 to 1 - 5 gm. He explains his reasons for exploring the 

being more diffusible than arsenobenzols and other chemotherapeutic compounds, held 
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out a greater promise of proving more effective by penetrating into the cerebrospinal canaL 
■According to Giemsa, ‘4002’ possesses much greater trypanocidal power than such penta- 
v a lent arsenicals as tryparsamide and atoxyl. Lourie (1931), however, found *4002* value¬ 
less when tested on T. gambiense and T. evansi in rats, as mentioned earlier. 

Combinations of arsenicals with non-chemical agencies have been tested by certain 
workers against experimental trypanosom asis in laboratory animals. Thus Richet (fils) and 
Dublineau (1932) tested on nagana-ihfected mice a combination of subcutaneous injection of 
arsenicals with their exposure to a temperature of 37°-38°C. and 42-45°C» —so called ‘pyre- 
totherapy”—and found that the combined treatment increased the period of survival of the 
animals and also reduced their mortality. Pyretc therapy alone is stated by them to be 
insufficient for obtaining recovery. Marzinowsky (1932) studied the combined effect cnT. 
eqwiperdum in mice of an arsenical designated ‘novarsolan’ in combination with ultra¬ 
violet irradiation. All the animals received a subcurative dose of the drug and, immediately 
after, 14 of these were inadiated for 15 minutes, while 14 were left as controls. The latter 
died between the 6th and 11th day, while 12 of the irradiated mice survived 13 to 20 days 
(average 2-5 times the period of survival of the controls). The irradiations were done 
with, ‘Hanauer Ho hen sonne’ at a distance of 40 cm. 

Scholtz’s (1935) results point to the possibility that the reported failure to use cer¬ 
tain arsenicals successfully against trypanosomiasis is—at least partially—attribu¬ 
table to these drugs having been administered in a single dose instead of fractional doses 
spread over a length of time. This is illustrated by the results obtained by him with sal- 
varsan against T . brucei infection in mice and rabbits when the drug was used in a single 
injection and the same dosage 3 times at 3-hourly intervals. The latter method proved 
superior. Another noteworthy feature was the superiority of a diluted over a concentrated 
form of the drug. 

Rosenthal’s (1942) observations on the effect of mapharsen on T . equiperdum in mice 
are illustrative of the care with which a chemotherapeutic drug is to be combined with one 
or more others in the treatment of trypanosomiasis, for the use of such combinations may 
result in disappointment on account of incompatibility of the drugs. Rosenthal 
showed that, while the maximum tolerated oral dose of mapharsen for mice was 0*15 gm. 
per kilo., it could be raised to more than 1-0 gm. per kilo, when it was mixed with gluta¬ 
thione (a tripeptide of glutanic acid, glycine and cysteine) at 6*5 gm. per kilo. Again, the 
oral curative dose of mapharsen was 0*04 gm. per kilo.; the curative dose of the drug had 
to be raised to 0*06-0*08 gm. per kilo, when 6*5 gm. of glutathione was mixed with it. 

In the early days of chemotherapy of animal trypanosomiasis, arsenicals in one form 
or other were almost the only drugs used and successes were by no means infrequent. 
Thus, Beal (1912) mentions having obtained recovery in 8 out of a batch of 20 equines 
treated with combinations of arsenic and antimony. It would appear that it was the oc¬ 
casional practice in those days in Africa of smearing horses with powdered tobacco in 
combination with ‘moshi’ butter and then dosing them with arsenic before they were 
sent to fly areas. Orpiment was apparently the commonest drug in use. 

Thiroux and Teppaz (1909 o) successfully used orpiment alone in the treatment of 
4 Valeri’of horses. The drug was given as follows: 1st day, 20 gm.; 4th, 25; 7th, 30; 10th, 
13th, 16th and 19th, 30; 8 days’ rest; 2nd course of 5 doses at 3 days’ intervals. The treatment 
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and 4 to 5 gm. for horses, 1 gm. of th id to a combination of this drug with 
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per kilo. Sturgess (1915) in Ceylon claims having cured a case of bovine trypanosomiasis 

by sodium arsenite alone. 
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■Deamnrp rtf 1912 ’ ^ewmger-reported having brought about almost inetan^neous disa'p. 

augenbhckliche verscheiden’) of trypanosomes from the circulating Wood 
?? frustration of salvarsan, without the occurrence of toxic symptoms, 
a T d the dru g successfully in 3 cases of surra in horses. He found that 

n]eC i 10n < ^ff lv ? rsan was as 8 ood as 3 injections. According to him, the toxic 

(191361 to U b d rt S n^ ^ drug 1 I f 0 ' 01 gm ‘ P er lb - In do g s . the toxic dose was found by him 
Z h r- Per lb., a dose of 0-02 gm. being well tolerated. An intravenous 

“j™ 1 °™ re caused sterilization for 20 to 97 days. He, however, found that with 
definite’* 1 ^ Pen ° d ° f absence of parasites from the circulation is neither regular nor 


Mason (1912) reports having tested the efficacy of salvarsan on horses affected with 

a form of trypanosomiasis allied to el ‘debat of camels. In a chronic case, he employed a 

3-gm. dose of the drug with some improvement, but it was followed by an occurrence of 

relapse. Cure was ottamed after a second injection of 4-2 gm. of salvarsan 2 months 

later. A second horse was cured following an injection of 3 gm. of salvarsan and 12 days 

later an injection of 100 c.c. of a 1 per cent solution of trypanblue. Mason also records 

recovery in a horse after it had received a course of combined treatment with arsacetin, 
sodium arsenate and orpiment. 

It is worthy of note that salvarsan proved effective in cases where atoxyl failed, as 
observed by lakimoff andA\ assilewsky (1916) in the course of their work on the treatment 
of camel trypanosomiasis in Russian Turkestan. They described th$ drug as ‘le ineilleur 
remade’. ' 1 * 

Views held by different workers in regard to the therapeutic value of neosalvarsan would 
appear to have been contradictory. Thus, Dahmen (1922) found that neosalvarsan (neoars 
phenamine) and salvarsan were better than suramin on account of their lower toxicity. 
In a later paper, however, Dahmen (1926) mentions both these drugs as being unsatis¬ 
factory and expresses his preference for neo-silver-salvarsan, although even this drag was 
not in all cases successful (‘ausreichend’). Sidalko (1931) likewise found neosalvarsan un¬ 
satisfactory for dourine. Goidsenhoven and Schoenaers (1939), referring to a Belgian pro¬ 
duct of neosalvarsan (arsenobenzyl), state that it is valueless in the treatment of the disease. 
They, however, consider their failure as having been possibly due to the unfavourable 
(‘severes’) conditions of their experiments, such as the abnormal increase (‘pullulatiou 
anormale’) of the trypanosomes in the blood. On the other hand, Prugelhef (1947) claims to 
have used neosalvarsan with success in 30 cases of dourine when the drug was given intra¬ 
venously. He found maphars m also effective. Kalush, as recently as in 1951, reported good 
results from neosalva^an, as also from mapharsen, in the treatment of dourine. 

Another arsenical which has enjoyed some popularity as a trypanocide of value is 
novarsenobillon. Ware (1928), in dealing with an epidemic of surra in a pack of imported fox 
hounds in India, used this drug intravenously, without effect, in a dose of 0-45gm. fol¬ 
lowed, 10 days later, by a dose of 0*3 gm. Eyraud e* ol. (1936) report favourably upon 
novarsenobenzol as a curative for dourine. Courtade (1937) recommends the use of this 

• - r - i 
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was to suramin. * 

. ^ which cannot very well be classified into discrete cate- 

V,- A number of other a 0 f chemotherapy from time to time. A few, 

dories, have been mtrodu ar3en ical treatment for equine trypanosomiasis, which 

ihjese may be mentioned. A f rurre ncvfor some time in Nigeria, was the socalled Fagan 
would appear to have ga , J k v Fa^an is as follows ( Sleeping Sickness Bull., 2, 

treatment. The method recommended b 7 ^ a |* n 13 J 3 ° ia 7 0 f powdered white arsenic in 

68; 1910). Every 6 hours c ^“ n d SiveTutter. Bv«y6hon» commencing 

dussa bad made up of bran £r g q{ hloride 0 f mercury in 2 quarts of water. 

The triatment *.."JSSJXS L another 4 months. As remarked by the Editor of 
the above Bulletin, it » Probable that m^ew o ^ made J in the 

^“JhXan^tment. According to Andrew Foy (1911), this treatment is of 

value in the early stages of trypanosomiasis. 

tL, efficacy ^ .cypaco—, but *, 
results have not been encouraging. Danysz (1913) mentions having successfully 
used an arsenosilver compound against T. evansi, but not against T. rhodesiense As 
mentioned earlier, Laveran (1915) tested ‘O’,- a derivative of diaminoarsenobenzene- 
against T. congolense and 2 other species; the results were unsatisfactory. 

Galvl another arsenical, was successfully used by Curasson (1918a) in the treatment o f 

6 cases of’equine ‘sourrn’ the drug having been used by him in doses of 1 gm. combined 
with sodium phosphate 0-37 gm., caffeine 0-25 gm. and sodium benzoate 0-28 gm., in 
5 c c of distilled water. Two intravenous injections were given. He extols galyl as d une 
efficacite indeniable et d’une inocuite qu’ on peut dire absolue’. 


A course of 3 injections, in doses of 5-7 gm., of the arsenical osarsan—probably a 
derivative of diamoniarsenobenzene—is reported by Velu (1919) to be effective 
for donkeys infected with T. marocanum. Cure was also obtained by him in 4 dogs, each 
injected with about 10 cgm. of the drug per kilo, at 7-9 day intervals. In the report of the 
Veterinary Department of Morocco for 1920, osarsan is reported to have been used with 

success in the treatment of T. marocanum infection in horses. 

• • 

Van den Branden et al . (1927) unsuccessfully used ‘Hoechst 2754’ (a pentavalent 
compound containing 27-2 per cent arsenic) against T. congolense infection in 2 mules. 
The drug was injected subcutaneously in 8-gm. doses. 


Hall (1927) tested halarsin (4oxy-3 amino-phenyl dichlorarsme), in combination with 
bisantol (containing 47*5 per cent bismuth and 13*6 per cent antimony), against T. 

L /P2ICAR- > 
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eongolense and T. vivax infections in goats, but the treatment proved ineffective. He states 
that after repeated injections -the effect of the drug was much lessened (‘tr& amoindre*). 

As recently as in 1945, Eagle claimed to have found Y—(p-earsenophenyl)-butyrio- 
acid a most effective trypanocide amongst phenylarsenoxides (referred to earlier). When 
tested <m mice and rabbits infected with T. equiperdum, its therapeutic index proved to be 
higher than that of tryparsamide. Eagle reports having used it 1 with success against trypano- 
g omiasis in sheep and a horse, but it did not prove effective against bovine trypanosomiasis. 

I , i . Y* • .* ^ 

Whatever may have been the results obtained by different workers from the use of 

arsenicals, these drugs would appear to be far from being such as might be depended upon, 

oven to a moderate extent, in the treatment of trypanosomiasis. Schat (Sleeping Sickr 

ness Butt., 2,103; 1910), referring to surra, even holds that arsenicals may prolong life’but 
cannot cure. 








CHAPTER HI 

Arsenica's— contd. 

Absenophknylglycin # . 

, , J oV,pmntheraoy of trypanosomiasis, arsenophenylglycm enjoyed 

1N the early days of che “^hrpy *,3 as having been equalled in later years by 
J a degree of popularity which ^ ° d tl L arsam ide. One chief reason for the readiness 
-such drugs as suramin, tartar emet TP r -i disease was the fact that 

with which this drug was accepted as than Ehrlich 

it was introduced into the field of cs e^ the P ^ b J at came to the conclusion that it 

himself, who, as a ‘parties. It may be mentioned here that, according to 

possessed uncommon trypanocid 1 Pq^ 1 ^ rf diam i n0 arsenobenzene-pT-epared 

by Oeschlin and to which a reference has been (19 12), P tho 

arsenophenylglycm. Th g l Kerandel (1909) found that monkeys 

flejSSSttiS: ss ** p- " 

1 ethal dose-resisted infection with T. gambiense. 

As exDlained by Roehl (1909), the discovery of arsenophenylglycm was the result o a 
search made by Ehrlich for an arsanilate derivative which, while being highly trypanocida 

irritant by the introduction of certain special groups. 

Schilling and Jaffe (1909), the drug has the further drawback of being slowly excreted, 
thereby remaining in accumulation for some length of time in the sy.tem. y, ^ 
fore, view with disfavour long courses of treatment with ar^enop eny g ycin. en r n 
(1908, 1909) has also shown that, while almost all the arsenic of atoxyl is excreted trom the 
body during the first 8 hours of its administration, excretion of arsenophenylglycm begins 
much later and continues for much longer time than atoxyl. 

• From his experience in the use of arsenophenylglycm in the treatment of a number of 
cases of h uma n trypanosopmiasis, Raven (1910 a) concluded that the drug should, not e 
given in advanced cases requiring prolonged treatment, that it should be given in smg e or 
double injections of not less than 0*8 to 1*0 gm. on 2 consecutive days and that, in theevent 
of a relapse within 6 weeks of the last dose, other remedies should be resorted to. Raven 
(19106) claims to have obtained what was permanent recovery in 18 out of a batch of 25 
patients by a single injection of the drug. He recommends 1 to 6 doses of the drug for a 
patient. In another paper published by him in 1910 (c), however, he states having used 
arsenophenylglycm with ‘tolerable’ success in the treatment of sleeping sickness. Raven s 
results would appear to have been the best as yet recorded from the use of arsenophenylglv- 
cin in the treatment of sleeping sickness. In papers published by him in 1910 (d) and 
1911(a), Raven gives 50 to 55 mgm. of the drug per kilo, as a correct dosage for human try¬ 
panosomiasis and .expresses the view that failure to obtain recovery with the drug is to be 
attributed in many cases to insufficiency of dosage. In another paper published by him 
(19116), Raven states having found the drug to be ineffective in cases of relapse after 
treatment with other remedies. 
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One of the reasons why arsenophenylglycin, notwithstanding its strikingly trypanocidftf 
properties, eventually went out of use would appear to be that its effectiveners diminishes 
as the weight of the .animal increases ; this, as stated earlier, had been observed by Breinl 
and Nierenstein (1909a). Thus, while guinea-pigs, monkeys and relatively small dogs proved 
readily amenable to treatment with this drug, donkeys infected with T. brucei were 
adversely affected. 

The first serious note of disappointment in regard to the efficacy of arsenophenylglycin 
was sounded by Eckard (1910), who tested this drug on two ca : es of human trypanoso¬ 
miasis, in doses of 0 • 6 to 0 • 9 gm. until a total 4 • 1 and 3 • 0 gm. respectively was reached 
in 11 days, but both relapsed. Eckard used the drug in 44 untreated cases, mostly in the 
first stage, and found that the resulting sterilization lasted only for a few days. 

Scherschmidt (1911) likewise was disappointed with arsenophenylglycin when it was 
tested on human patients in 2 successive doses of 1*5 gm. for adults and 0*75 gm. for child¬ 
ren. He considered that most of the deaths were attributable to the doses having been too 
large but a lower dosage had no sterilizing effect. ‘The position is that either the doses 
must be lowered with results less good than those of atoxyl, or heightened with a still greater 
mortality.’ ’ *'■■■ 

Ullrich (1911) used arsenophenylglycin in 17 cases of sleeping sickness, 2 of which were 
in the first stage of the disease and the others were either in this stage or had been long under 
treatment. The drug in these cases was given in doses of 0*3 to 0-8 gm., the number of 
dosages ranging from 4 to 16. Ullrich concluded that arsenophenylglycin was not superior 
to atoxyl and often produced some poisoning. Ehrlich’s remarks, as summarized in 
Sleeping Sickness Bull . (2, 94; 1910), in explanation of the possible reason of Eckard’s 

failure—and his remarks should apply to the failures recorded by other workers—in using 
the drug successfully are quoted here in extenso as being of general interest in regard to the 
rationale of the treatment of trypanosomiasis. Ehrlich ‘expresses the belief that it 
(arsenophenylglycin) has not been employed in the best way. It is necessary, he thinks, 
to find out how far one can go with double injections. Two injections of 1 gm. each are the 
smallest quantity which should be given and he thinks it may be necessary to give more. 

If larger doses are found to be too dangerous,it would be necessary to associate with arseno¬ 
phenylglycin another trypanocide, but he rightly insists on the necessity of first ascertaining 
what it will do by itself. It is clearly a mistake to estimate the danger limit of the dose of 
these organic arsenicals by symptoms which they may cause after many injections. The 
experiments of Tendron (ante) show that the excretion of arsenophenylglycin is slow, so that 
by repeated administration, although the drug is never insufficient concentration to kill all 
the trypanosomes, supersensitiveness of the tissue, quickly developing, may cause symptoms 
of pc isoning, though the individual do. es have been relatively small. Or, apart from 
accumulation, the proportional distribution between parasites and host becomes disturbed, 
so that the drug is fixed by the host ; s tissues and less by the trypanosomes. Schilling s 
cases (infra) seem to illustrate the rational method. He gave two injections and then held 
his hand.’ The cases of human trypanosomiasis referred to by Ehrlich above as having been 
successfully treated by Schilling were those of a German missionary, his wife and son 10 
years old. The husband and the wife each received 1 gm. and, 3 days later, 05 gm. of the 
drug, while the boy received 2 doses of 0-5 gm. Recovery was obtained in all the 3 cases 

(Sleeping Sickness Bull ., 2, 106; 1910). * 

Mesnil and Kerandel (1910) classify into 2 categories all recoveries obtained with ar- 
senophenylglycin. In one, permanent sterilization is effected as a direct consequence of the 
administration of the drug; in the other, the parasites, in spite of the treatment, continue to- 




i of time until the treated ,animal is able by 

s&vFf she;K=“—■ * —- 

tbem to be based on the results oi uww» 

monkeys and of 3 cases .of bovine surra. ^ Qr third . stag , case s of human try- 

Martin and Eingenbach (1910a) trea * * uged the drug in a 5 per cent concentration, 

in doses of 0-5 to 4 gm. Eleven died and o noddal) iad little actual curative effect, 

concluded that the drug, e ci3ating blood, were found in the crebrospina 

fluid. According to them, the drug 7 Buitable dose of arsenophenylglycin 

According to Aubert and Heckenroth^ U k £ divided into two parts to be injected 

at 10 days’ interval. They observe that, as th g ^ over other drugs hitherto 

the first or early second stage of tbe ise a , g hold that prophylactically arseno- 

nhenylglycin is decidedly superior to atoxyl. fn P P P ^ aI8en0 phenylglycm. 

isc rsasssfi* ssr - - *«• ^ at 46 ^ 

ldl0 ' TTodces Van Someren and McConnel (statistician), summariz- 

In n report prepared by Hodges, van d treatment of human trypanosomiasis 

ingtheresults obtained with arsenopheny gy average dose of the 

ding IS stated to have bten } 5 } 6 V , 0 f t p ( , post-treatment observation period, 

Hodges, while unable, m ™» of ]£ P con ,id.r,the preliminary indica- 

to express an opinion on the po-i _ possess superiority over several other 

tions as pointing to the cone won i - a 1 P Someren mentions a dose of 3 

‘h™— e«d.Te U 3f a heavy initial dose instead of repeated small doses. 
For the detection of relapses in human trypanosomiasis after treatment with arsenophe- 

nylglyenn, Hellen (1913) lays do™ thM&e^tontafterapparent recovery should 

If recovery claimed to have been obtained from the use of this drug was in some instances 
more than what was actually the case. 

Monfort (1913) records having obtained very encouraging results when the drug was 
injected in 3-gm. doses into mice experimentally infected with 3 species of trypanosomes 
as is being detailed. Fourteen animals infected with T. gambiense and T. rhodesiense 
remained relapse-free, after receiving the drug, during an observation period of 86 and 64 
days respectively. Only one relapsed in a treated group of 5 animals that had been 
infected with T. dimorphon. The drug, however, proved ineffective against T. congolense 
when tested on seven mice infected with this species of trypanosome. 
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^•^ Sen n^ofr lglyC11 l °, n , ly been occasionally usr.d on animals. It was found by 
Schilling (1909) to exert a feeble action on nagana parasite in vitro but was curative for 

nagana m rate A nagana horse given the drug at 0 • 1 gm. developed toxic symptoms but 

recovered, while death occurred m a seond infected horse similarly treated. Arsenophenyl- 

glycm has the exceptional property of being letha for T. lewisi (Wendelstadt, 1908), which 

is unaffected by atoxyl and this led to hope bemg entertained that it would prove effective 
ior all species of trypanosomes. 


m fT -Ti by Stl : 0n e and Tea g uft (!910) on monkeys and horses experi¬ 

mentally mfected with T. evarm and their observations are, therefore, of particular in- 

Indla ‘, -P 16 nunlmum lethal dose of the drug for monkeys was found 
to be 0 • 22 to 0 • 26 ^n. per kilo, when the drug was used in a 5 per cent solution ; the curr- 

tive dose was 0-04 to 0 • 09 gm. per kilo, as relapses occurred when a dose of 0• 06 gm. or 
less was used. Strong and Teague used a dose of 0-08 gm. in a group of 20 monkevs and all 
except one were cured. They observed that none of the monkeys that had a dose of 0*1 gm. 
per kilo, or more showed trypanosomes in their circulating blood after 24 hours and in no in¬ 
stance did the parasites return. The minimum lethal dose of arsenophenylglycin for horses 
worked out at 0 -052 gm. per kilo. Twenty horses in an epidemic were treated with the 
drug ; 9 months later seven were found to have recovered from the disease. According to 
btrong and league, the drug proved most effective when the curative dose was close to the 
lethal and small doses were unsatisfactory. Arsenophenylgylycin had also been previously 
found by others to be much less satisfactory in horses than in monkeys. According to 
bcnilnng (1909), the maximum tolerated dose for horses is 0-075 gm. per kilo. 

The efficacy of arsenophenylglycin was tested for dourine by Watson (1911) and for 
nagana in cattle by Breisirger (1912), but in neither did it prove satisfactory. In the first, 
it proved to possess better t terilizing power than atoxyl, but there was a recurrence o t 
fever. In the second, the drug, on account of the high dose necessary, was found risky to 
use. Breisinger used this drug in combination with tartar emetic in the treatment of cattle 
experimentally infected with nagana, but its-employment in practice was found dangerous 
^‘grosser Gefalir’) owing to the large dose required. 

The position in regard to arsenophenylglycin is summed up as follows in an editorial 
comment in Sleeping Sickness Bull. (3, 259; 1911) : ‘The poor results are best explained 
by the small number of early cases available. Arsenophenylglycin seems no better than 
any other trypanocide and according to some it is inferior to atoxyl in cases which are 
advanced or have relapsed under treatment. The lesson seems to be thao the drug must be 
used early and in combination with one or more drugs.’ 


Thus, in spite of the favourable results occasionaly obtained from the use of arseno¬ 
phenylglycin in the treatment of human trypanosomiasis, the drug has failed to 
fulfil the hopes that were entertained about its efficacy immediately following its dis¬ 
covery by Elirlich, although these failures have been explained away by certain authorities 
on the score of faulty method of administration of the drug or of using it on wrong patients. 

As already mentioned earlier, arsenophenylglycin is lethal against T. leivisi Kuhs 
ct al. (1936) made the important observation that in this infection recovery did not depend 
on the number of parasites in the circulating blood but on the duration of the infection. 
In the view of the compiler of the present monograph, this indirectly points to the conclusion 
that the curative and the prophylactic dose of a trypanocidal drug should be approximately 
the same. 



CHAPTER IV 
Arsenicals—confcd. 

Atoxyl 

thtyt whether alone or in combination with other drugs, was almost invariably 

: £F trjshss 

£he part of previous workers to use the drug with advantage. 

Ciuca (1914a) as already mentioned, developed an altogether novel method for 
increasing the therapeutic effect of at oxyl. He found that the duration of sterilization 

inducing abscess^formation in these animals by mjectmg essence of terebene and that 
repe ated application of this combined method kept the circulation clear of trypanosomes 
fof a long time but a complete cure was not obtained. About a dozen injections of 

the dose of terebene for each injection being 1 c.c. According to Ciuca, the result cf . uch 
injection is «un obstacle momentane a la multiplication of the trypanosomes. He also 
considers it probable that ‘abscess of fixation’ facilitates the production of trypanotoxyl- 
‘veritable substance active’ of atoxyl. A futrher point of interest in connectioni with the 
use of atoxyl is Berte’s (1939) finding that the subcutaneous injection of tins drug is 
painless(‘indolore’) when it is given dissolved in 10 percent sodium citrate solution. 

Following upon reported successful treatment by Thirouxand Tfppsz of experimen¬ 
tal surra is guinea-pigs by alternate doses of atoxyl and orpiment, Holmes (1908) 

tested their method in India. The method was unsuccessful in 3 ponies but proved effec¬ 
tive in 2 other ponies, 3 rabbits and 5 guinea-pigs. The doses used by him were as follows: 
(1) Ponies. Four gm. atoxyl every 4th day and 0*5 gm. orpiment in the interval, with 
a total of 4 doses of each. (2 ) Guinea-pigs. 0*015 gm. atoxyl and 0*009-0*0135 gm. or¬ 
piment at the same intervals as in horses. (3) Rabbits. 0*04 gm. atoxyl and 0 01 gm. 
orpiment. Holmes (1909) carried out further experiments on these lines on 7 guinea-pig^ 
and 2 rabbits, 5 doses of each of atoxyl and orpiment being given alternately every 2nd 
day; 2 of the guinea-pigs and the rabbits received the treatment 3 weeks after surra 
inoculation, while the other 5 guinea-pigs received the treatment within 3 days after 
the appearance of trypanosomes. Cure was obtained in all the animals. Holmes also used 
the atoxyl-orpiment treatment in 11 surra ponies, G of which, however, died while under 
treatment. In one unsuccessful case, an apparent cure was obtained when the 2 drugs 
were used in conjunction with tartar emetic, while 2 recovered after receiving a combin¬ 
ed treatment with atoxyl, orpiment and sodium arsenite. According to Holmes, the last 
combination was superior to any other form of treatment. He concluded that atoxyl 
and orpiment ‘ean effect a cure even in advanced cases’ of equine surra. A similar view 
in regard to arsenious acid , was exnressed bvhim later (1910 b: see n. 31). Holmes 



^0 

(1910c) found ataxy! “ valueless when given orally to horses infected with surra. He 
then used atoxyl subcutaneously as follows (1) Alternately with arsenious acid in 
bolus, 5 doses of each being given; (2) in combination with Loeffler and Ruhs solu¬ 
tion as drench and arsenious acid in bolus on consecutive days, repeated once or twice 
after intervals of 4 days. Sixteen horses were treated by each of these two methods, the 
recoveries being 9 by the first and 12 by the second method. From these experi¬ 
mental observations, Holmes concludes that arsenious acid alone, when given in full 
sub-toxic doses and not in small daily dosage, is a ‘specific’ for equine surra and is 
superior to a combination of atoxyl and arsenious acid. It is noteworthy that, in Holmes’s 
view, orpiment may, for all practical purposes, be regarded as equivalent to arsenious acid, 
so that the recoveries obtained previously by him by using a combination of atoxy 1 
and orpiment is attributable to arsenious acid. In a paper published by him in 1911, 
Holmes states that a combination of arsenious acid and atoxyl is ineffective or fatal, 
although arsenious acid, when administered in combination with tartar emetic, causes a 
temporary sterilization. The latter view had also been expressed by him in an earlier 
paper (1910c) where he further remarked: ‘Arsenic appears to be an unsuitable drug for 
the treatment of surra in camels. Its action is uncertain.’ 


According to Leese (1910a), a combination of atoxyl, tartar emetic and sodium 
arsenate is the best form of treatment for camel surra, the firt two being given intra¬ 
venously and the third by the mouth. He recommends the administration of these drugs 
on successive days, with 2, 4 or 8 days’interval between the courses. In one of his series 
of experiments, Leese (1912a) successfully used a combination of atoxyl and tartar emetic 
intravenously and sodium arsenate by the mouth in doses of 4-4*5 gm., 0*5 gm. and 5 
grains respectively. Five doses of each were given and the treatment was spread over a 
period of 37 days. Three out of a group of 4 camels were cured. The cost of this treat- 
meat for each animal was Rs. 9, so that a sum of Rs. 36. was spent for the 4 animals and 
therefore, Rs. 12 for each successful case, against Rs. 110 to Rs. 200 representing the cost of 

one animal. 


Leese (19126) used atoxyl in 7 different combinations, each being designated by a 
number’d) ‘264’combination. Atoxyl, 4 to 4-4 gm. intravenously ; tartar emetic 
0-5 gm. plus sodium arsenate 55 to 60 grains, in drench on 3 consecutive days. The 

combination of the 3 drugs was repeated at intervals of 2,4,8 and 12 days. No relapse 

occurred in 3 treated animals during an observation period of 253-498 days, but One re¬ 
lapsed in 19 days. “A camel treated by ‘264’ method had no immunity when remoculated . 
2? ‘643’ combination. Same as ‘264,’ but the combination used at one--day Nervals, 
the whole course lasting for 27 days. A single recovery was obtained by this method. 
(3) ‘588’ combination. As in (1), but atoxyl inoculated subcutaneously in d ° se s° f 
5 to 6 gm and the entire combination administered 3 tunes with intervals of 3 and 7 

days Recovery was obtained in lout of a group of 5 animals treated. (4) ‘436’ comtnna- 

tered 4 times. Leese admits likelihood of poisoning by this method. (5) 957 com¬ 
bination Sodium arsenate administered before atoxyl to increase effects of arsenic but 
ooSties of arsenic poisoning. Tartar emetic used up to 3 gm., but maximum safe 
Lse found to be 1 • 5 gm. (6) ‘178’ combination. Fifty-five grams of sodium arsenate 

totday 8 5 gi. .toyl subcutaneously o„ 2nd da, Id! 

utof 10. (1) ‘203’ combination. As in (2), but tartar emetic 1-5 gm. The smgle animal 



,. .. A - ~ re lanse in 6 months. Leese ftat.es that 

treated by this combination , treated by these methods died of the 

12 per cent of the total num er o nephritis. In a further series of 

irritant effect of arsenic apart fromthosethat m P preparation _ wMct) for all 

experiments, Leese (191 ) us ® i flS enuivalent to atoxyl. He lays down the following 

practical purposes, may be rega q as beine the best : 5 gm. soamin subcuta- 

schedule—the so called ‘668’ gm arsenious acid on the first, 

neously, 0-5 gm. ^ e * tivel *. the course is to be repeated after 2, 4 and 8 days, 

p Vnr /1Q091 records having unsuccessfuUy treated 7 surra camels either with orpi- 

■ 2zx 

Xy o” IZS"L °hX"»l*«treated with atoxyl giv.o .ubcut.neomly and qu.- 
nine given by the mouth, 

Rpfiarrinv to Holmes’s success in the treatment of surra, Gaiger (1911) remarks that 
Kefemng Holmes areofhttle practical value, since the cases treated by him 

the resulte recordedby £ treated by Holmes’s method 25 natural cases of 

were artificia 1 ones Gaigerh^eU ^ Fowler > 8 

equine ^^ /Sf the 25 (16 per cent) were cured. He found that atoxyl corn- 
solution but only 4 out pt the l P . ff tiye and that the best form of treatment 

bmed with arsemous acid ^X^osomes’ was a combination of atoxyl and orpiment. 

Ganger’s findmg however, is difficult to reconcile with Holmes’s statement that, as 
already 8 referred to orpiment may be regarded as a substitute for arsemous acid Gaiger 
recommends arsacetin m place of atoxyl as being cheaper; this drug is administered in a 

2 per cent normal saline solution subcutaneously. 

It would seem that the success of atoxyl treatment of surra is often largely deter¬ 
mined by the length of time for which the treatment can be pursued This -s dlust rated in a 
case of an equine successfully treated by Lishman (1911) at Sialkot (Punjab). The animal 
which had swarming trypanosomes in its blood was given a dose of 3 drachms of 
soamin in 3 parts of water at body temperature and this resulted in a sterilizat ion of the 
circulating blood in the same evening. The animal was given arsemous acid in bolus at 1 
gm. on the 4 th, 6th, 8th and 10th days and at l*5gm.on the 1-th and 14th days. The 
trypanosomes reappeared in the circulating blood on the 15th day when a dose of 2 
drachms of soamin was injected and this once agam resulted in a sterilization of the 
blood. From the 16th to the 22nd day arsenious acid was given in increasing doses 
up to 2-5 gm. The animal had no relapse during an observation period of 4-|- months and 
the treatment was thus regarded by Lishman as having resulted in a complete cure. 

The results recorded by Cross (1914) would appear to point to the conclusion that 
repeated and progressively increasing doses of certain drugs are likely to yield much 
better results than single large doses. Whether in his trials with avsenicals or with tartar 
emetic, Cross consistently adhered to this principle. In his experiments with soamin and 
arsenious acid in the treatment of camel surra, Cross tested the relative merits of 4 
lines of treatment : (1) One dose of 100 c..c of a 5 per cent solution of soamin followed 
by 10 doses of arsenious acid at 1- day intervals, the latter progressively increasing from 
.0*4 to 2 gm. Cure was obtained in 12 out of 30 (40 per cent) animals treated, the post-treat¬ 
ment observation period varying from 95 to 281 days. (2) Increasing doses, as above, of 
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arsenious acid only. Cure was obtained in 11 out of 20 (55 per cent) animal* treated, 
the observation period varying from 122 to 277 days. (3) Combination of soamin, tartar 
emetic and aresnious acid, in doses of 100 c.c. of a 5-7 percent solution, 0*5 gm. and 
doses of 0-5 to 1*2 gm. respectively. The entire course <ccupied3 consecutive days 
and then it was repeated 3 times at intervals of 2 to 6 days. Cure was obtained in 14 
out of 24 (58 per cent) animals treated, the observation period varying from 73 to 379 
days. (4) Soamin and increasing doses of arsenious acid, as above, given alternately at 1- 
day intervals, but some were given arsenious acid alone after a few doses of soamin. 
Cure wa^ obtained in 10 out of 15 (66 per cent) animals treated. Cro3s classified some of; 
his trials in accordance with the presence or absence of trypanosomes in the circulating 
blood, but these particulars are not included here as being of doubtful practical value. 


From a paper published by Cross in 1915 on the treatment of camel surra with atoxyl 
it would appear that the results compared favourably with those obtained by him with 
tartar emetic ( q.v .), for he states that recovery was obtained by him in 54 out of 68 (79*41, 

. per cent) animals treated either by arsenic alone or by arsenic and soamin. In a subsequent 
report, he (1916) claims to have used these methods with success in 129 out of 
158 (81 • 64 per cent) cases of camel surra treated by him. It would, however, appear 
that, as observed by a number of workers, the extent of success that may be expected 
from the use of these drugs is, as already indicated in the Introduction, largely determined 
by the strain of parasites that it is being sought to deal with. Thus, Montgomery (1916) 
in Britifh East Africa (Nairobi) records having found both atoxyl and soamin valueless) 
in the treatment of trypanosomiasis in general. In drawing conclusions in regard to 
the efficacy of a drug, individual idiosyncrasy has to' be given due consideration, 
the importance of this being illustrated by the fact that, Hutchins (1918), working in 
Ug&J da, mentions having eured T . pecorum infection in a cow by the subcutaneous injection 
of 5 gm. doses of soamin spread over a period of 5 months. 

Walker (1914) tested the efficacy of a combination of atoxyl and arsenious acid, 
as recommended by Holmes, for equine surra. Atoxyl was injected subcutaneously 
in a dose of 100 c.c. of a 4 per cent solution and the acid was given in the form of a bolus 
in doses of 1*5 to 2*5 gm. The treatment proved ineffective. In view of the success 
obtained by Holmes with this form of treatment. Walker considers his results ‘most dis¬ 
appointing’. 


Outside India, in the early days of chemotherapy of trypanosomiasis, atoxyl was 
much in favour with a number of workers. Thiroux and Teppaz (1908) made a special 
study of the efficacy of atoxyl for the forms of trypanosomiasis known as ‘souma’ and 
‘gambia’ disease in horses. They used atoxyl in 5-gm. doses, in combination with orpi- 
ment in doses of 15 rising to 25 gm., given in bolus or electuary. The orpiment was 
given on the first day and atoxyl on the 3rd, the 2 drugs being thus continued on 10 alternate 
days, ending with atoxyl. The course was repeated after 8 days. All of a batch of 3 
horses were successfully treated by this method. It is, however, worthy of note that 
recovery was also obtained in 2 horses treated with orpiment alone at 3-day intervals, 
a second course being given, as in the combined treatment, after 8 days, In a later com¬ 
munication, Thiroux and Teppaz (19096) describe the condition of the treated horses 
as satisfactory. Thiroux and Teppaz (1909c) mention having treated .successfully 
5 other horses affected with 1 souma . In these cases they used atoxyl in 5-gm. doses and 
the orpiment, as before, in bolus or electuary. The post-treatment observation period 
was very short, but the non-occurrence of auto-agglutination in the 5 
animals was regarded by them as suggestive of recovery. As already mentioned, 
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c • ^ snrra state that horses utw 

Thiroux and Teppaz (1910a), referring ^jance for this drug. In support 

of tins statement, they point ont tha T az » a ^ They found that a dose of 2 to 3 
4 times as much atoxyl as did 11110 obtained only in the few which litre 5-gm. doses 

Thiroux and Teppaz record tavmg obtamed that dome4aiies 

»d *■*« ri°- ^ »»»»>*“*»» » f 

stood atoxyl better than horses ^d theysug^ ^ adminiflt ration of 4-5 -gm. atxoyl 
and tartar emetic in the treatmen , , them to cause a temporary sterlization, 

combined with orpiment in bolus ^^rtar em“k alone in dosss, with an 

iZSSZ Tp^» r - Of the '» 21 ^ 

found by them to beat orpunent 3toto) n „,uoc.»tu« y treated 

Fraser and Symonds (1908) in the F tbe ^ having been given in 

tftb a.oayl a hoi in 2 <L, h.’r.e., 1 Wed 

of ^ in . r 

. ,. j an( i < e l zombab’ (presumably forms of T. evansi mfec 

The treatment of Jaffa eld f ^ Mason (1911) on Holmes’s lines, namely, 

tion) in camels m Egypt was lv^nd orpiment and sodium arsenate by the 

by , combination The drug, .era given 

mouth, the aoses. being 2 gm., . , orD ; men t 5th day sodium arsenate, 7th 

^“uKn! : ElJery* ^obtained in 4 out of i camel, treated by thi. method 

^rstn) » oattl. id -M (T e»«» potion) in 

for the ox and dromedary, in the form of balls made of gum arable and meal, eaeh ball 
containing 50 cgm. extract of opium. Four injections of atoxyl every 5 days and 4 daily 
doses of picric acid in the intervening period were given the entire course being rep 
after a week. No relapse occurred in any of the treated ammals durmg an observation 
period of about 3 months. Curasson (1921) also used a combination of atoxyl and tartar 
emetic, apparently with success, in the treatment of T. pecaudi and T. imorp ion in ec ions 
in equines. Orpiment was also used in combination with atoxyl or tartar em-tic. According 
to him, the addition of orpiment prolongs the effect of the other drugs, and these combma- 
tions, as devised by Teppaz, ‘restent classiques’. 


Sergent, SergeDt and Foley (1921) used a combination of atoxyl and tartar emetic sue- 
cessfully in the treatment of ‘debati in 2 dromedraries and the method adopted by them is 
worthy of consideration in some detail. The tartar emetic was injected intravenously 
3 times at weekly intervals in doses of 2 gm., while 3 days later, a dose of 3 gm. of atoxyl 
was injected subcutaneously . In a series of further tests on 6 animals, they used tartar 
emetic in doses of 1 gm. for 4 successive weeks with 4 cures and 2 failures. The 4 successful 
cases were treated with 4, 5, 6 and 7 series of intravenous tartar emstic injections involving 
a total of 17, 20, 24 and 28 gm., in 9, 9, 10 and 11 months respectively. From these 
results they conclude that an average monthly dose of 2*2 gm., during a period of 10 
months, may prove efficacious. The 2 unsuccessful cases each received 10 series of tartai 



emetic injections involving a total of 38 and 39 gm. respectively during a period of 1 
year, so that a monthly dose of 3*2 gm. for 12 months would be toxic and ineffective* It 
is noteworthy that in the 4 successful cases treatment was undertaken later than in the 
other two. This, according to the authors, is suggestive of the possibility that resistant 
■drains of trypanosomes are produced when treatment is undertaken early. Between 
atoxyl and tartar emetic, Sergent et al. (1924a) regard the latter as distinctly superior, 
the curative dose of atoxyl being very near the toxic dose. 

Adams (1935) records having unsuccessfully used a combination of atoxyl and 
arsenious acid in the treatment of T. evansi infection in bo vines in Mauritius. 

Bouffard (1912), in treating T. cazalboui infection in the ox, found that atoxyl cleared 

the circulation only for a few days. This was also the case with oroiment and arseno. 
phenylglycin. 

Fabre (1929) found that, in bovines suffering from T. vi/vax infection, injections of 
atoxyl in combination with orpiment by the mouth brought about recovery to a sufficient 
extent to enable them to return to work. 

A combination of atoxyl, tryparosan and tartar emetic is claimed by Van den Branden 

(1919) to have been used with success in the treatment of T . congolense infection in cattle* 

The first was given by the mouth in doses of 16-17 gm., the second in doses of 0*26 gm. 

per kilo., also by the mouth, and the third on 5 successive days, intramuscularly, in a 
2 per cent solution. 

The experience of a vast majority of workers would appear to have been that, when 
used alone, atoxyl was altogether ineffective against trypanosomiasis, whether under 
field or laboratoiy conditions, but that in combination with tartar emetic it acquires 
striking therapeutic properties. This fact was well demonstrated by Van Saceghem 
(1915) in his work on the treatment of guinea-pigs infected with T. brucei and T. congolense, 
the combmation having been found by him ‘donner de tres bons resultats’. Possibly, 
the therapeutic effect of the combined treatment is one of synergistic action. The mecha¬ 
nism of the effect of such combination would appear to merit further exploration, for 
Nattan-L airier and Lepine (1928) found that the therapeutic effect of atexyl in experi¬ 
mental trypanosomiasis was reinforced when tetanus antitoxin was added to it, although 
^he latter by itself had no action. 

Atoxyl would appear to have been seldom tested in regard to its efficacy for dourine. 
Watson (1912) found the drug unsatisfactory in the treatment of natural dourine in Canada. 
Yakimoff (1915) has published a tabular statement summarizing the results of treating 
cases of dourine during a period of about 3 years. He claims to have obtained ‘resultats 
excellent^’ with this drug. Uhlenhuth and Woithe (1908) state having had to use large 
doses of atoxyl in treating rabbits experimentally infected with dourine, this, according 
to them, having been due to the existence of an atoxyl-tolerance in rabbits and also to 
the fact that dourine assumes a chronic and, therefore, resistant form in these animals. 

It is of interest that Beck (1910) found atoxyl highly effective in the treatment of 
rats and mice infected with T. gambiense ; some of the treated rats lived over a year, 
although they became less resistant to re-infection. He states having successfully treated 
mice with a combination of Loeffler and Ruhs solution subcutaneously and atoxyl intra- 
peritoneally. The best treatment for infected mice was found by him to be a combination 
of atoxyl and antimony. As a matter of fact, most of the early workers would appear 
to have advocated the use of atoxyl with some other durg, although why this shou 
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b.v. been . i. difficult to — 

from simple atoxylization m the treatment oi nmn^^ ^ each of a batc h of 12 

another early worker, tome> records rf Loeffler a g nd E uhs *neu* solution 

H., however, found .hie combination v.luelee. for homes. 

Cases of mcovery by the (tie of ^.loo. 
early workers. Thus Helm (19 ) effected a cure. A horse likewise was 

-. s.« * ° f «*»• ^ 

Both animals had proved resistant to quinine therapy. 

Friedberger (1908) tested the efficacy of"*£ 

thioglycollic acid (sulp y 0 “ c ® 1 ’, b | that t ( iy combination causes an alteration m 

nagana, but poisoning resulted It is possible tnat ammal organism, thereby 

StSlS" £ (1908). 

soramm surra . Two batches of diseased horses of 5 each were 

arsenic m the treatme ^ q arsen icals as follows: (1) Batch A. Each given, on 

subjected t0 ToooTc^ of1 per cent solution of arsenious acid, 100 c.c. of 4 per cent 

solutkuTofatosyl'intravenously and 1 • 5 gm. crude amenta in bolus; thkI come 

It^and cTdfrsent given alternately at 1-day intervals the treatment being con- 
tinuedfor the same period as in Batch A; 2 recovered but 1 showed mco-ordination Re 
covery was, therefore, obtained in 4 (40 per cent) out of the total of 10 animals treated. 

As a general principle for the protection ofequines against trypanosomiasis in fly areas 
in the Cameroons, Dauzats ( 1928 ) recommended an intravenous injection of atoxyl every 

10 days. ' 
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CHAPTER v 

Arsenicals—co ntd. 
tryparsamide 

, w +W trvuarsamide, which, as a remedy for sleeping sickness, has 
T is remarkable ina ^ ^ only been infreqnenty used m the treatment of 

__ ranked as a close secon ^ for this woll ] d app ear to be that it is the view of many— 
animal tjypanosonnasi. er8 ^ un]ike otber chemotherapeutic drugs, tryparsamide is 
particularly Frencn ^ . stages of human trypanosomiasis and that it shows itself 

generally ine , ffect /7 e ^ e ase has advanced to an extent involving the cerebrospinal system, 
at its best when tne c : d{Ig tior. due to uncertainty of results has led many a veterinary 

so that monetary Q f tryparsamide in the treatment of animal trypanosomiasis. The 

worker to avoid tne^ - ^ a ttention in veterinary practice than it has hitherto received, 

drug doubtless men ^ success with which tryparsamide is claimed to have been used 

In any case, the pbeuomeu ^ 

will be seen presently, warrants a brief survey of the 

in the treatment of ^ ^ drug . 

present P 0B ™, 0 “ ,• JAdvantage of tryparsamide over atoxyl, as pomted out by Chester 
Tnw^bthatthe arsenic in this drug is h eld in stable pentavalent combination and 
man (19^,“''j trivsileH-t combination. The circumstances immediately preceding 
not, as in atoxy, ^ are briefly as follows. Pentavalent arsenicals being 

the discoveryjg^t ^ ^ t » ey are botb gtable and so lu.ble in water, J acobs et al. (1919) 
superior to ^ty of synthesizing new types of organic trypanocidal com- 

SinKat will contain arTenic in the pentavalent form. Their-work resulted in the dis- 
covery of what came to be designated as tryparsamide or N-Phenylglyemeamide-p-arsemc 

acld ‘ n et al (1919a) from their studies on the action of tryparsamide on spirochaete 
and trypanosome infections in small animals, concluded that the drug could be safely ad¬ 
ministered in doses approximately equivalent to the lethal dose. An important finding made 
bthem (1919a), and one that should prove of value in assessing chemotherapeutic drugs 
for practical use under field conditions is that, in infections due to I. brucei, T. gambiense 
T eauinum T. equiperdum and T. evansi, the acute septicaemic forms without other clinical 
svinptoms occur in mice and rats, while the chronic tissue-invading forms, characterized by 
oedeinatous swellings, inappetence, etc. occur in rabbits. In T. brucei infection, the curative 
dose was found by them to be 0 • 2 to 0 • 3 gm. per kilo, for mice and rats and that for guinea- 
pigs 0 • 15 gm. per kilo. In rabbits infected with T. brucei, the curative dose was between 
0-2 and 0- 3 gm. per kilo., the chemotherapeutic index being between 3:1 and 2 : 1. Cure 

was obtained in 25 out of 29 infected rabbits, with similar results in those infected with 
T . gambiense . 

Like other arsenicals, tryparsamide readily gives rise to strains resistant to it. It is 
worthy of note that, according to Launoy et al. (1936), tryparsamide-resistant strains of 
T. annamense in mice are more resistant than normal strains to trypaflavin and suramin. 
Launoy and Prieur (1935), from their observations on mice infected with T. brucei , have 
worked out some toxicity figures for tryparsamide, numerous samples of which were ob¬ 
tained by them from America, France and Belgium. They found that 50 per cent of mice 
weighing 20 gm. survived for 10 days after receiving a dose of 0* 09 gm. of tryparsamide, 
while mice that had received 16 gm. of the drug remained relapse-free for 20 days; 
the co-efficient of trypanocidal activity of th e drug was between 1 ; 5 and 1 : 6*5. 
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A notable instance of the successful use of tryparsamide in the treatment of animal 
trypanosomiasis is recorded by Smilhe (1923). He employed the drug intravenously in 
doses of 5 to 8 gm. each in 24 horses infected with mal de caderas. They were in good con¬ 
dition during a post-treatment observation period of 9 months, while all of a group of 5 
controls died. It is noteworthy that Smillie considers the drug as of doubtful value when 
nervous involvement has taken place, for this view is contrary to the experience of some 
workers who have employed tryparsamide in the treatment of human trypanosomiasis. 

. Hornby (1925) states that tryparsamide is not only ineffective against T. congolense ' 
infection in bovines, but that it even makes the blood ‘extraordinarily’ favourable for the 
multipjic tion of the parasites. He records consistent failures to obtain recovery when the 
drug was used in the following dosages: (1) 100 c.c. of a 10 per cent solution; (2) 20 gm. in 

SO c.c. water; {3) 45 gm. in 4 10-gm. doses on successive days followed by a 5-gm. dose; and 
(4) 50 gm. in 5 10-gm. doses. 

A similar experience is recorded by Van Saceghem (1925a), who used tryparsamide 
intravenously in a 40 per cent solution in 2 animals infected with T. congolense. They 
received 40 gm. of the drug, one in 3 doses spread over 7 days and the other in 2 doses at a 
Hiay interval. Both died of what appeared to be drag poisoning, without any sterilization 
of the circulating blood having been effected. From further experience in the use of trypar¬ 
samide in the treatment of T. congolense and T. cazalboui infections, he (1926) categorically 
declared that the drug was valueless and that it failed to sterilize even when employed in 
the toxic dose of 0 • 066 gm. per kilo. 

In India, likewise, Edwards (1926) records having found tryparsamide ‘entirely dis¬ 
appointing’ as a remedy for experimental surra in equines. He further states that it is 
rapidly excreted and that prophylactically it is even inferior to tartar emetic. 

In the treatment of human trypanosomiasis, tryparsamide ranks with atoxyl, tartar 
emetic and suramin as a drug extensively used by a considerable section of workers. 
Trolli (1929) even declares, from his experience in the treatment of sleeping sickness in 
Belgian Congo, that it is unsurpassed in efficacy by any other drug introduced in the held 
of chemotherapy. The drug has, as already remarked, received little attention from veteri¬ 
nary workers and the records of its use in human trypanosomiasis are, therefore, only 
briefly considered here. As found by numerous workers (e.g. Walravens, 1926 and others), 
the drug shares with atoxyl the disadvantage that it frequently causes ocular damage when 
it is used over a long period. 

Lefrou and Ouzilleau (1922a) do not consider tryparsamide superior to atoxyl and 
prefer its subcutaneous to intravenous injection. Most wokrers, however, use the drug in¬ 
travenously, while Van den Branden and Van Hoof (1923) record having injected it also by 
the intramuscular route. Lefrou and Ouzilleau (19226) found that the subcutaneous ad¬ 
ministration of 2 gm. of the drug resulted in sterilization of the blood for 1 year and of 1 gm. 
for 84 hours. These durations would appear to be the maximum as yet recorded for any 
other drug. 

Chesterman (1924a) used the drug intravenoulsy in the treatment of 40 cases 
of human trypanosomiasis of which (a) 24 had received no previous treatment, (6) 10 had 
been previously treated with atoxyl, tartar emetic, etc. and ( c ) 6 had been intrathecally 
treated with medicated serum. Five of category (c) survived the intrathecal injection and 
of these 2 relapsed and died shortly after. Of the remaining patients, as many as 15 are 
stated by him to have maintained good health when examined after a period of 2 years. 
These patients were given a single course of tryparsamide totalling 10 to 28 gm. Chesterman 
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and more prolonged courses deeme nec ^ Laigret (1926) is that, unlike 

The superiority of tryparsamide over ^age^f sieeping sickness, although in 

tsvrol it is effective in the more or less ad ^ar^amide ‘le medicament de choix for 
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to 0-09 gm. per kilo., given W y J treatment of 115 cases of sleeping 

Van den Branden (1925), from his experience^^ of2 gm UEL til a total of 20 to 80 

eickness, recomends the use of the drug re g ar ds tryparsamide as a specific for human 

gm. has been given. He (l 926 ®) a PP“® 7 on current Syphilis or previous treatment with 
50 ^Van den Branden (127a) prescribes weeHy doses o^ 

for chronic cases. He (19276) clam* 25 chrQmc cases wlth a total of 

category. Lopes (127) also records having <«“* 1 recommends a dose of 4-5 gm. per 

-■ 0“ -——“* pr “ cr,bed by tOT 

as « 

£,is°^Kto LySy.'lta tettoy of this esse is contrary to what on. 

LP2I0AB—8 __ - ~ ' 
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would have expected, inasmuch as suramin is acclaimed as a drug of choice for use in the 
early stages, as tryparsamide in the advanced stages of trypanosomiasis. 

Corson (1931a) found tryparsamide ineffective in 9 cases of cerebrospinal involvement. 
In these instances, he used a combination of 1 gm.of suramin and 2 to 4 gm. of tryparsa- 
m:de at weekly intervals, a total of as much as 50 gm. of the latter drug having been given 
by him in one instance. He writes: ‘The observations indicate that neither Bayer 205 nor 
tryparsamide can be regarded as likely to cure advanced cases of Rhodesian sleeping sick¬ 
ness. Corson’s findings are contrary to the claim made by Pearce (1921,' 1939)—one of the ac¬ 
credited authorities on tryparsamide—that the drug has a sterilizing effect on the cerebro¬ 
spinal fluid; with a decrease of about 60 to 90 per cent in the cellular content in 5 weeks. 

Tryparsamide was used by I auterberg (1929) in 29 advanced cases of sleeping sickness 
in French Equatorial Africa. From the results of his trials, he concludes that the drug is 
capable of effecting a recovery of 60 per cent in the most advanced cases, a total of 7 gm. 
having been found by him adequate for this purpose. The claim, however, is not borne 
out by the experience of later workers. 

The drug is acclaimed by Carpenter (1929) as of remarkable efficacy when given in 
S weekly injections of 3 to 4 gm. Maclean (1929a) likewise, from the results of his work in the 
Tanganyika territory, regards tryparsamide as the only drug that holds out a prospect of 
recover}’ in i dvaneed cases, altl ough the long course of treatment with this drug makes it 
much lets convenient to use than suramin. Johnson and Lloyd (1929) lay down 13 gm. 
as the t otalquantity of tryparsamide to be used for a full course of treatment. 

Two separate lines of treatment are recommended by Vaucel (1929), one for the first 
and the other for the second stage. For the former, he recommends the employment of 
^Fourneau 270 up to a maximum of 0- 3 gip. per kilo, or large doses of atoxyl. For the latter, 
belays down weekly doses of tryparsamide, progressively rising from 0-015 to 0-06 gm. per 
kilo, until the cerebrospinal fluid returns to normal, the treatment being in a series of 7 
injectic ns with 45 days interval between each 2 series. 

According to Leger (1930), treatment with tryparsamide should be contimnd over a 
long period, for even a total of 27 gm. given in 7 or 10 weekly doses often prove insufficient. 
It is worthy of note that, while a total of 30 to 40 gm. of the drug is regarded as necessary 
to obtain recoveries, Lauterbcrg (1930) claims to l ave been successful with only 8 weekly 

injectiois of 0-5 gm. each. 

Sice (1931) has iven some figures to show the relative efficacy of the 3 arsenicals—^ 
atoxyl, tryparsamide and : Fourneau 270’.-In the first stage, patients treated with .these' 
3 (’rurs re’apsed to the (xtent of 15-9 per cent, 19-6 per cent and 3-7 per centrespectively, 
while the disease progressed to cerebrospinal involvement in 25 per cent, 3-9 per cent and 
2*8 per c nt, respectively. In second-stage patients treated with tryparsamide and, 
‘Fourneau 270’, relapses occuired in 4-6 per cent and 3-5 per cent respectively, while 
progressive evolution occurred in 16 per cent and 13*1 per cent respectively. From these 
figures, it would appear that ‘Fourneau 270’ is distinctly superior to the other two. 

Most French workers would appear to have consistently used arsenicals in the treatment 
of seeping sickness and have resorted to suramin in exceptional cases. Even;for the 
firct stage of the disease, Martin (1931) recommends either orsanine (‘Fourneau 21(f) 
or"atoxyl the use of suramin being resorted to in cases of arsenic resistance or of 
rela- se * Accord ng to him, tryparsamide should be used in the meningeal stage, with the 
addition of orsan ne or atoxyl in tie event of concur] ent blood infection. The French worker 
M * ( 931 19C2) lays down as the ‘standard’ treatment a course of 12 injections of 


% 


V> 1 •'"X ► K **» « • 

oraanine or tryparsamide ^ a S l ~ 

(i932) ’ coQsi8ts of 15 doses gra - 0 

tryparsamide administered at week y™ erva_ . Boi?3eau> h e categorical 


declares tryparsamide as aiwge^ some plo spect of recovery in the second stage, j 

it is the only drug which can be used w ^ ^ desirability of prolonged treatme 

another paper, Vaucel and ois reS ults of such treatment are tersely describ . 

with tryparaamide at 0-4 gm. complete failure. Maclean (1931) recor 

by them as being either compl ^ treatment of 450 cases of nervous involveme 

having obtained uniformly good results m the^reatment oig 

to human t.yp.nosomtoa.. by a total d««g ^ ^ tIypmmide „ >s b „ ' \ 

suggested by Kellersberger (1933). Accordi g > f 0 . 045 gm>per kilo, with 

s rs —— 

7 paradoxical ob.orvation ,e» rf «d ^ “^St to &£? 

tcyparsamide ib that, when given ye usually takes place in the seond stag 

had been used in the first stage, bu £... b ^ t not tryparsamide, had been u • 

other arsenicals, such as atoxyl and no\ cannot be regarded as one of simple arse* 

to the fir* .ta f . “SJad tS th, use of trypam.mid .] 

«« “ - 1 a wee 7 d v 
of 4 cgm. per kilo, until a total of 10 injections had been given. 

From a perusal of the records of treatment with tryparsamide it may be conclu * 

.but a largo majority of Z&ZS. ' ■ 

r.m»r:K3'z.rdto g »f ■ 

in relapses is to administer a total of 3 gm. of svram.n m the first Meek and tden t ( , 
course of tryparsamide in tolersted doses. % 

Elfie (1934) noticed that tryparsamide had a greater predilection for the glands than 
the circulating blood. He treated 829 cases with the drug at 6-day mt frvak, wit 
gm. doses -the initial dose being only 1 gm.—until a total of 13 in] ections had been gi 
On the completion of treatment, 15 patients were still positive and of these, 13 sho ^ 

parasites in the blood and 2 in the glands only. 

Amongst other workers who have dealt with the subject of tryparsamide in the tie 
ment of human trypanosomiasis, mention may be made o . an en ran en ( j 
Letonturier et al. (1924); Morgan (1924); Blanchard and Laigret (1925); Laigret (19- 
Abbatucci (1926); Lewis (1926); Schofield et al. ( 1926 ); Kellersberger (1927); Alme 
(1928); Van Hoof (1928a, 6); Kikuth (1929); Corson (1930); Corson (19316); Saund 
(1932); Sice et al (1933a, 6); Pottier and Van den Branden (1935); V an Slype (1935); Le £ 
(1938); Kopp and Solomon (1940); and Grant et al (1944b II* 
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CHAPTER VI 

Arsenicals—contd. 

Melarsen . . . 

# ^ <4 oqq » or *2224 RP’,—an aromatic arsenical 

M Bit, AR SEN, or triazine arsimc acW or ^ ^’ b ; r Fr iedheixn’(1940, 1941), who givea 

onlanihno P ) with the following chenncal const,- 


tution: 



N , H 2 

C 


N 





C-NH 



> C=U * 

\ 

NH 0 , . , 

, j Aooear to have been tested on clinical cases of animal trypanosomiasis 

The drug does not PM outstanding BUCCe8S in laboratory trials and also in sleeping 

but it has beenused consid ered desirable to include a brief account of this drug 

Sickness. It has, theref> laboratory, the toxic dose of the drug was found to be 

in the present monogr P • baving billed 10-20 per cent of the mice. The tolerated 
0-75 to 1 gm. per ki o., ^ In buman trypanosomiasis, sterilization was obtained 

dose fordogs was administration and within 3 days after oral administration, 

withm 24 hours after P* 1 ®^* s “given in doses of 0-03-0-5 gm. per kilo, with a 

B y the ^ ^ every 3 days until a total of 10 injections had been given. Of a total 

SKarients tiSed parenterally, 29 were regarded as clinically cured on re-exammation 
£ K 9 months. Thirteen were treated orally with ‘4289’ and, although they were 

sterilized, some of them developed gastro-intestmal trouble. 

The corresponding oxide of melarsen—known as melarsen oxide, or melox, or ‘3177 RP’— 
is reported by Weinman (1946) to have been non-toxic for human subjects when it was 
used orally or intravenously at a dose of 0-1 mgm. per kilo. Nine early cases treated- 
atmarently iutravenouslv-with this drug did not relapse during an observation period 
of 6 months and were considered to have been cured. Some amelioration occurred also in 

advanced cases. 

A brand of melarsen oxide, prepared by Parke, Davis & Co., was tested by Weinman 
and Franz (1945). It was given orally in a daily dose of 3 mgm. per kilo., for 5-8 days, to 
12 patients, 8 of whom showed symptoms of cerebrospinal involvement; cure yyas reported 
in 11 of these cases. Equally good results were obtained in 8 patients when the drug wa& 
given by the intravenous route for 7 days at 0*1 mgm. per kilo. Three other patients with 
nervous symptoms were similarly treated, but the treatment was successful only in 1 . 

Van Hoof (1947), however, states that he found melarsen oxide as too toxic for human 
subjects. Accor ding to Nodenot (1947),'melarsen is a mediocre remedy for humn trypano¬ 
somiasis in the second stage and is inferior to melarsen oxide. 

• A series of very important observations was published by Rollo et al . (1949) on the 
tnvaicnt oxide of melarsen and its antimony anal ogue, sodium-p-melaminylphenvl stibon*4# 





aD t ° n th ® P entav a]ent melarsen and its antimony analogue MSb. 

t™f ? r \, C °^u ded that melarsen P° ssessed a therapsutic index than 

tryparsamide, while MSb was still better in this respect. Melarsen oxide and MSb, showed 

\ ^® r l m ; ex taai * mapharside (oxophenarsine hydrochloride), or butarsen (y-(p-arseno- 

U J 110 if 1 * 01 7° A 9 or para-arseuo’)- When used oq rabbits, both melarsen and 
snowed a better therapeutic effect than tryparsamide. MSb was found remarkably 

powe an ong-lasting in effect as a, prophylactic agent, for a single intraperitoneal 
in]ec on o e drug protected mice against T.rhodesiense for 41 weeks, against TO weeks 

m 4 . e ® ase ° sura13 ?* 11 an ^ a b°ut 2 weeks in the case of pentamidine, while antrycide salts 
protect cattle against T.Congolese for not more than 6 months. Rollo and hiscollabo- 

ra rs ma e a special reference to the fact that this protection was obtained with the 
po ymenzed salt, and not the crystalline form, of MSb. It would appear that the 
protective power of MSb is to be largely attributed i > slow excretion, of the drug as 
compared with that of other aromatic antimonials. Williamson (1949) has shown that 
after intraperitoneal injection of comparable doses of MSb and stibenyl, 54 per cent of 

stiben ^ 110117 m ^ ” 6XCreted ^ 5 da ? s ’ as a g ainst per cent of the antimony in 

The laboratory indications concerning the remarkable prophylactic power of MSb 
were followed up by an extensive series of tests conducted with this drug on human subjects 
in French West Africa. A series of concurrent tests was also made with pentamidine and 
lomidine. The results are summarized in Table I (Le Rouzic, 1949). _ 

' f * j -' 1 v • 

Table I ,J.<r r ' 

* * . * 

suite of prophylactic use of p?nlamidine y lomidine and MSb in sleeping sickness. 


Drug 


Pentamidine 

• 1 

637 

Lomidine 

. . •* 1 

1 146 

MSb 


794 



Table II. 


Table II 

Results of three observations on the use of MSb 


Observer 


No. of people 
treated 


Time of follow 
up 


Number 

examined 


Number 

found 

infected 


364 

60 

380 


Months 

4-5 

8 

4 


364 

50 

50 


In view of the spectacular results obtained by the above workers with MSb, some work 
would appear to be distinctly warranted to test the value of this drug as a prophylactic 
agent against surra in India* 
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Sfiri4ta* derivatives of arsenical and antimony compounds so as to render such denva- 

this relatively non-trroanocidal pentavalent arsenical becomes trypanocidal 

toxic a * d 

These disadvantages were overcome by converting it into the form a PP^ re .^ 7 Contain 
. <t> at ’ _called bv him ‘T.P.B.’, which is stated by Fnedheim to contain 

^.6 per cent trivalent arsenic. He claims to have obtained sterilization by single injections 

of T P B ’ in 10 second-stage cases of T.gambiense infection; 5 of these were give 

dm 2 bv the oral and 5 by the intravenous route. Friedheim succeeded m reducing the 

toxicity of the trivalent melarsen oxide by combining it with ‘BAL , the resultant product 

being known as ‘melarsen BAL’ or in the abbreviated form, as MelB . According to 

S exercise a favourable action on the cerebrospinal fluid. The tnvaWt ( antimomal 
analogue of melarsen oxide, MSbIII, has also been similarly combined with BAL, the 

product of this combination being known as ‘MSbB’. Similar products by combining 

‘BAL’ have been claimed to have been obtained from aromatic arsemcals, sucn as 
carbarsone (4-carbamidophenylarsonic acid) and stovarsol, these products being 
obtained from tryparsamide and called ‘C.B.B.’ and ‘S.T B.’ respectively. Le Bourn 
mentions ‘detox’, representing detoxified tartar emetic. Concerning MelB , Fnedheim- 
(1949a) writes that he tested this drug on 50 advanced cases of sleeping sickness, including 
20 showing trypanosomes in the cerebrospinal fluid. The drug was administered intra¬ 
venously in doses of 2 to 4 gm. per kilo., a total of 3 to 14 injections being given either 
in 1 or 2 series. The treatment resulted in sterilization of the lymphatico-blood system 
within 24 hours, while 9 of the patients, who had shown trypanosomes in the cerebrospinal 
fluid, were found to be free from these when examined one week after the treatment. The 
treatment recommended by Friedheim for all stages of human trypanosomiasis is 4 intra¬ 
venous injections of the drug at 3-6 mgm. per kilo, followed after one week by another 4 
similar injections. 

Frieulieiin (1948) used melarsen oxide with highly satisfactory results in human 
trypanosomiasis in Frerch Guinea, and he states that the drug eliminates trypanosomes 
from the cerebrospim 1 fluid after treatment of only one week’s duration. The 
course c< nsisted of a series of intravenous injections for 7 days at 1 *5 mgm. per kilo., follow¬ 
ed, after an interval of 1 month, with another similar series of injections. The drug did not 
produce any toxic symptoms. Five advanced cases were followed up after treatment and 
the cell covnt ai d protein content of the cerebrospinal fluid in these patients returned to 
normal in from 3 to 9 months. Friedheim points out'that the two-fold superiority of 
melarsen oxide over tryparsamide is that it is effective both in the early and late stages, 
w hile tryparsamide is particularly effective in cases of cerebrospinal involvement; secondly, 
the treatment with melarsen oxide occupies only 6 weeks, agai ist a period of 7 months re¬ 
quired by treatment with tryparsamide. 

The efficacy of melarsen and melarsen oxide, when given orally to human patients, 
was tested by Trirquier and Pellisier (1948) and they concluded that the drug was effective 
in the lymphatico-blood stage of the disease but was of little value when cerebrospinal 
involvement had occurred and that it ‘was dangerous for patients in the meningo-encephalitic 
stage.’ The dosages recommended by them are : (!) Melarsen . To begin with 20 mgm. 

ner Kilo., rising hv TO numi Ttat kiln rloi'Ur fi 11 tl'iO /l t 1\ f l\i^ rl n 4* « 


A. 

Ufa* doses) 


10 mgm. 


oxide 


mgm.; 6th to 14th day, 30 mgm 
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Le Rouzic and Lapeyssonie (1948) have briefly described the relative values of melarseu 
and its various derivatives as follows : (1) Mdarsen. Tested oh 22 advanced cases of sleep¬ 
ing sickness in French West Africa ; the cerebrospinal fluid ret lrnedto normal in 8 and 
improved in 6. According to these workers, the superiority of melarsen over tryparsamide 
consists in the facts that the latter either restores the cerebrospinal fluid immediately to nor¬ 
mal or has no action on it at all and that, while melarsen exerts a favourable action on 
both the lympatico-blood stage and the cerebrospinal fluid, tryparsamide acts particularly 
on the latter. (2) Melarsen oxide and MelB. Superior to melarsen by reason of their e ® cac J’ 
in the second stage and the shorter* course cf treatment which they entail. (3) MSbV . 
MSb Illy MSb. Effective in early stages but uncertain in the second stage. < 


Le Rouzic (1949) has given some figures to show the relative extent of 
_ V. i-U /I mu in 4-Vi a Iron (A) First 


Le Kouzic nas given some ngures to suow me —- 

success with these drugs in the treatment of human trypanosomiasis. (A) First 
stone of disease, (i) T.P.B., 2 cases and both successes, (ii) -MSb V, 109 cases. 
with 32 per cent failures. (Hi) Combined MSb and MSbB, 90 case*, with 20 per cent failures, 
tiv) Detox, 10 cases with 1 failure. (B) First and second stages of disease (not cUwrly differ¬ 
entiated). (i) Melox, 40 cases, with 20 per cent failures, (w) S.T.B., 0 cases, with 3 failures. 
(C) Second stage. (i) Melox, 33 cases, with 27 per cent failures, (ii) T.P.B., 10 cases, with 2 
failures. (Hi) C.B.B., 6 cases with 5 successes and death. (iv) MSbV, 15 cases with 20 

per cent failures, (v) Combined MSb and MSbB, 16 cases, with 19^per cen dl 
Detox, 5 cases, with 2 failures. With MelB:(a) First stage. 40cases,withl2-5p3r; cent failures. 

(b) Second stage. 174 cases, with 5 per cent failures. Le Rouzic, on the autk ^^ 

mentions MelB as exerting an energetic action on blood, glands and prate a sen- 

It is also claimed to be harmless for the kidneys and the optic nerve an # 8 
sation of well-being in the patient. It is, however, stated to be more Diallo 

The French Commission, consisting of Schneider, Marchalant, Lotte, ou . tment 0 f 
(1949), reported the followirg results with MelB, in French West Africa in ^ Second 
trypanosomiasis. (A) Fi,sl stage. 41 cases, with 2-5 pa. cent fa te». 

,1c,,. 135 cases, with 10 per cent failures. (C) Chrome Mope. 37 ''E'm,:". 

uxes. These results led the Commission to regard the drug as possessmg re 

dial properties. 

Ceccaldi (1950), during his directorship of the Pasteur Institute ^ 

in the treatment of sleepmg sickness. Goncernmgmelarsenox 1 human try _ 

HP’—Ceccaldi et al. (1949a) mention havmg used the drug p tr ^ e °™t! sec0 nd day and 
panosomiasis in doses of 0-1 mgm. per kilo, on the first day, 0 2 mgm. raQ( , ed from 3 

0-3 mg. daily on the next 5 days; the post-treatment observJJon ^ effective 

to 20 months. The conclusion arrived at by these workers was thatthe <*8^^ Qn the 
in the earliest stages, but that a second dose of the drug had no was contend ed 

cerebrospinal fluid even when slightest changes m it had set in. 1 h Friedheim kimse lf had 

by Schneider (cited by Ceccaldi et al., 1949 a), w o pom e followed by a 

id the dreg successfully m this .Ug. m u d<» rf 1 ■ 5 was «sd by 

Ceccaldi et al. (1949 b) on 10 patients m the memngo-encephahtic were as 

observation period in these cases being on y developed severe 

follows. Seven of the patients stood the treatment well but 3 j 

toxic symptoms, which were mitigated in two by though there was a 

Stinct improvement in the nine that survived, these workers OonBiOer^ ______- 
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• * 1 A for use with safety. Ceocaldi et al. (1950) record having obtained 

satisfactory results with MelB when, as recommended by Friedheim, it was administered 
satisfactory re.ui ,^ -j ^ 4 days, followed by a secon 1 coarse 

intravenously u> a dose 20 of t L’se were in an advanced stage 

of the Sase Death occurred onlyin 3 of the patients, this being attributed to the toxic 
f tion of the drug The treatment was found to cause a quick restoration of the cerehro- 
• to its normal condition, although this improvement was not always maintained 

spmalflui Thev refer to MelB as a ‘medicament interessant’, but consider its 

L" Whw *» «'«»« Cde loin t,.p el.vfc'). 

MelarsenB was used by Ferreira el al (1850) in Portuguese Guinea on 107 cases of 
human trypanosomiasis, Of these, 5 were in the first, 23 in the second and 79 in the third 
JJJL The dosage used was that reco mnended by Friedheim (supra), a single course 
2g given to 38 and a second course to the other 69 after one week. Twenty of the patients 
in the second stage were examined after 6 months, and of these, 16 were found improved 
and 4 worse. Sixty-seven of the third-stage patients were examined periodic ally for 1 year; 
of these, 59 were found improved, 2 worse and 2 unchanged, while the condition of the re- 

naming 4 progressed to a fatal issue. . 

A series of trials was carried out by Duggan and Hutchinson (1951) on 709 cases 

of human trypanosomiasis in Northern Nigeria with melarsen compounds. These workers 

state that when given intravenously at 5-day intervals, 8 injections of melarsen at a dose 
of 15 rnmn per kilo, were at least as effective as 12 injections of 3-gm. do e; of try- 
parsamide° When administered intravenously on 7 successive days, melarsen oxide, at 
0-1 mgm. per kilo., yielded results comparable to those obtained with maphirsen at 0-4 
mcr p e r kilo, and is ‘undoubtedly effective in a high proportion of intermediate and advanced 
cases/ Melarsen oxide, according to them, proved highly toxic. Cure was obtained in all 
of a small number of cases treated with MelB at the recommended dose of 3* 6 to 4 ragm. 
per kilo for 4 days; this drug proved more toxic than melarsen or melarsen oxide. It is 
worthy of note that, as for the claim made by certain workers that MelB exerts a favourable 
action'on the cerebrospinal fluid, Monnet and Baylet (1951) found that it penetrated this 
region only to a slight extent after intravenous injection. 


M/P2I0AR—9 


58 





'x 


CHAPTER Vn 
Antimonials 
Introductory 

at flu, history of antimonials that have been brought into the field 
A PERUSAL of t ^®T og ^ miasis shows quite a legion of these in various forms 

of chemotherapy of thig condi tion, such as tartar emetic, anth.omalme, 

have been used m th t ; bosan (‘Hevden 471’), solustibosan, sodium antimony glu- 

stibopheiitT>’sodium- mannitol antimoniate, neostam, neostibosan, ureastibamine, 
conate (trmuent), ‘Heyden 661’—stated to be an antimony complex 

and ftibacetin. To^Iw^bmdenes Antimon’) which cured dourine-infcoted mice 
salt (dreiwertiges P ' ° , 1994) the series of Dn and antimosan. Of these, 

A “ ordi, » •««» ’r Tk r 

rfU'veSn (19°0), T. dimrpho « and T. congdam reapond better to antimony »!t, them 
to atoxyl. / 

Th" ork of Breinl and Nierenstein (19097) throws some interesting light on the rela- 
. ! 'f flipr-iTieutic effect of antimonials with their chemical constitution. In an 

o obtain an organic compound of antimony analogous to atoxyl, they prepared and 

compounds of nmmo-ph.nyl-stibonic ncid. They found these 

ponding arsenic compounds. The graphic formulae ol these two classes of compounds 
are given by them as follows: 



£. 



OM 


OK 


Several modifications of the well-known trypanocide, antimonyl tartrate, have been 
brought into th© field of experimental chemotherapy of trypanosomiasis from time to time. 
Thus, Laveran (1909a) tested aniline antimonyl tartrate, which contained 30*22 per cent 
antimony, intramuscularly, on guinea-pigs infected with different species of trypanosomes 
including T % evansi . Injection of 5 doses of the drug at 3 to 4-day intervals resulted in sterili¬ 
zation of the circulating blood without any relapses occurring during a post-treatment 
observation period of about 3 months. Guinea-pigs weighing 500 gm. bore satisfactorily a 
dose of 2*3 cgm. When tested on human subjects, the drug proved less toxic than tartar 
emetic. Martin and Ringenbach (1910 6), however, mention aniline emetic as having proved 
valueless against sleeping sickness. Laveran (1910c) also prepared crystals of antimonyl 
tartrate of arsenic and aniline from a mixture of aniline antimonyl tartrate and aniline 
arsenyl tartrate. Emetic of arsenic and antimony showed -grande efficacite’ and proved 
superior to ‘emetique arsenical et aniline’. When injected intramuscularly in a 2 per cent 
aqueous solution into guinea-pigs infected with T. evansi , T. congolense , T. dimor^kon and 
T . gambiense , cure was obtained after a single course of the treatment. 
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Plimmer (cited by Ranken, 1913) v. introduced the use, by the intravenous route, of 

finely powdered precipitated metallic antimony for the treatment of trypanosomiasis, the 

Mraree consisting of 5 1-gm. doses at 4 day intervals, followed after 6 weeks by a course of 
3 doses extending over 9 days. J 

Tlminflon and Cushny (1910) mention ethylantimonyl tartrate as having been found a 
very efiectrve trypanocide when tested against experimental trypanosomiasis in rats: 
sterilization was effected in 2 hours and recovery was obtained in 7 out of 13 rats treated. 

Rowntree and Abel (1910) tested triamide of antimony ttiioglycollie acid and sodium 

antimony thioglycollate against experimental trypanosomiasis in white rats, dogs, a donkey 

and rabbits; the two drugs were found to be as effective as any other antimonial previously 

* n * P*P e . r Published by the same authors in 1911, they confirm their findings and 

also refer to the low toxicity and non-irritant properties of these drugs, while the therapeutic 

results m the treatment of experimental trypanosomiasis are described by them as having 
been excellent. b 

Kolle, Hartoch, Rothermundt and Schumann (1913) claim to have effected a per¬ 
manent disappearance (‘Dauersterll]serung , ) of nagana trypanosomes from the circulating 
ood of mice when the latler were injected intramuscularly with a 1-gm. dose of powdered 
metallic antimony suspended in 30 per cent concentration in oil. Those workers would also 

appear to have been the earliest to make the finding that pentavalent compounds of anti¬ 
mony are less toxic (see, however, Havtoch, Rothermundt and Schurmann, 1?13 infra) 
and also therapeutically less active than the trivalent compounds, the most important re¬ 
presentative of these latter being the tiioxide, designated by them ‘trixidin’-a drug which 
is insoluble m water and is slowly absorbed. For nagana in mice, an effective dose was found 
to be 1 mgm. per 10 gm. body weight. Hartoch, Rothermundt and Schurmann (1913) referred 
to the fact that trixidin is non-toxic for small animals, for, as already mentioned 
all other known trivalent compounds of antimony are poisonous for these animals. Kolle, 
Hartoch and Schurmann (1914), as a result of further experiments with trixidin, concluded 
that the drug, although curative for dourine in rabbits and guinea-pigs, caused abscess 
formation when injected intramuscularly to these animals, but this sequela could be avoided 
by injecting the drug in a colloidal foi m wiili salt solution. They mention having obtained 
sterilization for at least 2 months from the use of trixidin in bovine trypanosomiasis. 

Lurz (1914) found that, when injected as a 30 per cent emulsion in oil, trixidin was 
invariably effective in experimental trypanosomiasis in small ammals, while Horst (1918) 
observed that trixidin was even more effective than tartar emetic in the treatment of nagana 
and dourine in rabbits and guinea-pigs. Lurz (1914), as also Hellen (1914) and Van den 
Branden (1920), mentions trixidin as being ineffective against human trypanosomiasis. 
Hellen states that the injection of this drug caused high fever and abscess formation 
necessitating surgical interference fhohen Fieber zur Abszessbildung’). Daniels and Newham 
(1916), however, claim to have cured a case of human trypanosomiasis by the 
subcutaneous injection of Mai tin dale’s injectio antiomonii oxidi (equivalent to 1 /20th 
grain tartar emetic), followed a week later by what would appear to be antimony trioxide. 
It is possible that in £his instance recovery was really due to Martindale’s solution, in 
view of a case of sleeping sickness having been successfully treated by Masters (1918a) 
by the use of this solution alone. 

Yorke and Blacklock (1914) tested on small animals samples of trixidin, either for¬ 
warded to the m by Kolle or prepare d by themselves, against several species of trypanosomes, 
including T. evansi , T. equiperdum and T. congolense . They obtained best results with sus¬ 
pensions of the drug in oil, although there was often abscess formation, as also relapses. 
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after apparent recovery lasting for 100 days or more. They found that the trypanosomes 
disappeared from the blood of infected animals within a couple of days of treatment. 

Russo (1914a) tested both trixidin and metallic antimony of Merck on rats infected with 
naeana and found that the latter drug had a better sterilizing action but that, when inject¬ 
ed subcutaneously, it caused necrosis in 20 per cent of the rats. 

Hoffmann (1915) points out that, unlike other trivalent compounds of antimony, 
trixidin is both non-toxic, as already stated by Hartoch el al (ante), and therapeutically 
active. Like his predecessors he, too, observed that, although the drug was inoculable intra¬ 
muscularly into small animals, abscess formation took place as a result of the injection, 

Tn view of the fact that trixidin precipitated quickly in salt solution and of the consequent 
danger of the formation of emboli, Hoffmann used a suspension of the salt in sterile gum 


Yakimof letal. (1918) in Russian Turkestan tested trixidin on parasites of camel surra 
(called by them ‘surah’). Atoxyl, arsenosolvin, salvarsan, trvpanblue, dianilblue (trypanil) 
and even tartar emetic were found unsuitable, the therapeutic coefficient of this last being 
only 1*37. He obtained cure in mice with trixidin in a 30 per cent oily suspension, when used 

at 0*001 gm. per 20 gm. body weight. 


In view of the reputed trypanocidal properties of both antimony and bismuth, Hal 
(1927) tested what he designated as ‘bisuntol’—containing 47-5 per cent bismuth and 13*6 
per cent antimony—against T. congolense and T.vivax infections in cattle, and goats, but it 

was foimd ineffective. 


Two new antimonials, designated Dn 7 and Dn 9, have been fairly extensively tested 
and found generally effective against trypanosomes (e.g. T. pecaudi) in -small animals, as 
also against natural cases of human trypanosomiasis. These compounds are stated to be 
derivatives of diethylamine oxyquinoline sulphonate containing 16*7 per cent and 34*4 
per cent antimony respectively (Van Hoof, 1932). When injected into white rats, the maxi¬ 
mum tolerated dose of Dn 7 was found to be 300 and that of Dn 9 261 mgm. per kilo. 
Both Dn 7 and Dn 9 are claimed by Van Hoof ( loc . cit.) to have given encouraging 
results in the treatment of sleeping sickness. Another antimonial in tliis series, called by 
Van Hoof (1933a) Dn 12, was found by him effective against T. congolc/ise but not against 
T . brucei and T. riiodesiense in rats. It is also claimed by him to be curative for early cases 
of human trypanosomiasis. Van Saceghem (1934a) tested Dn 7 Dn 18 and Dn 20 in this 
group of antimonials against bovine trypanosomiasis due to T, vivax, but the results do 
not appear to have been encouraging. Reference may also be made here to Dn 6 and Dn 10, 
which are mentioned by Dubois (1931) as haring been found effective when tested on small 
animals infected with T . congolense and T. pecaudi . Van Hoof and Henard (1933) tested Dn 
12, Dn 18 and Dn 20 on goats and pigs infected with T. congolense —apparently for the hrst 
time in cases,of natural trypanosomiasis of animals. The results were encouraging, but in 
no instance a permanent sterilization appears to have been obtained. 


According to Rodhain, Dubois and Hendrix (1933), the pentavalent antimonial deriva¬ 
tives of quinoline, Dn 9, Dn 12 and Dn 17, were almost as effective as the trivalent deriva¬ 
tives Dn 7, Dn 8, Dn 11, Dn 14 and Dn 18, while the toxic doses of the e two groups were 
also very near each other. All these antimonials proved to be trypanocidal when tested on 
rats infected with T. congolense , T. evansi , T. brucei and T. riiodesiense. Van Hoof (19336) 
mentions having found Dn 12 effective in sleeping sickness not only by reason of its 
trypanocidal action but also by reason of the favourable influence it exerted on the cerebro¬ 
spinal fluid when the drug was injected intravenously twice weekly in 0-5 gm. doses, 
until 5 to 10 gm. had been given. He (1933c) mentions the trivalent antimonial Dn IS 
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as having proved better than Dn 12 in human trypanosomiasis, for it lent itself to being 
injected intravenously up to 9 or 10 gm., at 0-5 gm., twice weekly, without toxic effects. 

Among other antimonials, mention may be made of stibenyl. Ramsin and Schnitzer 
(1924) found it less active as a trypanocidal agent than tartar emetic when tested on mice 
infected with nagana, but no relapses occurred in animals treated with this drug. Van den 
Branden (19266) found it ineffective in sleeping sickness, although stibosan. proved effi¬ 
cacious. 

Dunning and Macht (1928) tested certain derivatives of stibanilic acid (azo dyes) on 
rats infected with dourine; they were not found satisfactory. 

Mention may also be made of stibiothiopropanol sulphonate of sodium, which was 
found by Lepine (1931) to compare favourably with other antimonials when tested on mice 
and rabbits infected with T. evansi and T. brucei . It contains 25 per cent antimony. 

Bar (1937) mentions the arseno-stibio compound, aminophenyl stibinate of methyl 
glucamine (‘Std. 386B’), as having proved most effective against T. brucei > T. annamense 
and T . congolense infections in small animals. The drug is stated to contain 18 per cent 
arsenic and 20 per cent antimony. 

The trivalent antimony compound thiomalate of lithium and the glucamine salts of 
aminophenylstibonic acid containing pentavalent antimony were tested by Launoy (1937a) 
on mice infected with T. annamense. The thiom?.late was found effective in the early stages 
of the infection, but only about 50 per cent recoveries were obtained m the later stages. It 
is noteworthy that the pentavalent compounds were also found by him to be effective. 
Hornby (1941a) used the thiomalate against chronic cases of trypanosomiasis due to 
T. congolense , T. vivax and T. brucei ; its action was found by him to be similar to that of 
tartar emetic. 

The antimonial st bophen was tested by Mackintosh (1945) and Bell (1945a) against 

bovine trypanosomiasis in Uganda, but did not prove effective. 

Friedheim and Berman (1946) prepared the quinquevalent antimonial mela- 
minylstibonic acid—a polymerized sodium salt which protected mice for 69 days 
against T. equiperdum when it was injected at 0*05 gm. per kilo. Its therapeutic index is 
stated by them to be as high as 200. This drug would appear to be the one designated by 
Friedheim, Vogel and Berman (1948) as MSb. It is stated by them to be more effective than 

suramin in T. equiperdum infection in mice. 

Based on the ratio of lethal to curative dose, the therapeutic activity of the following 
antimonials, when tested on mice infected with T. equiperdum , is stated by Chen et al. 
(1945a) to be in the order listed: Derivatives of phenyl stibonic acid (stilbamine, stibenyl, 
neostibosan and neostam), fouadin, antimony sodium thioglycollate, anthiomaline and 
tartar emetic. The. same authors (19456) made the interesting observation that, when 
cysteine hydrochloride, freshly neutralized with trisodium phosphate, is intramuscularly 
injected into mice on the second day after inoculation with T. equiperdum , it reduced the 
trypanocidal activity and toxicity'of trivalent antimony compounds (tartar emetic, 
fouadin, etc.), but had no effect on the pentavalent compounds (stibenyl, stilbamine, etc). 
‘The effect of cysteine hydrochloride upon the trypanocidal activity of these trivalent 

antimonials was found to be identical with its detoxifying effect’. 

Referring to the possibility of accumulation of antimony in blood and organs, Launoy 
and Floury (1941), from the results of their trials with pamino-phenyl stibinate methyl- 
glucamine'on mice infected with T. annamense , came to the conclusion that, whatever the 
dose of the drug, the antimony content in blood became constant, the residual antimony 
being then excreted slowly. There was accumulation of antimony in the liver, kidneys and 
muscles, while 82 6 per cent antimony was found in urine and 4-67 per cent m faeces. 
According to them, the best method of using antimonials is to administer half doses at 

21 to 48-hour intervals. # 


CHAPTER Vin 

Antimonials—contd 

Tartar Emetic 



RTAE emetic is to this day regarded as the cheapest and at the same time a 
highly effective trypanocide. The quickness of its action is unequalled by any other 
drug "commonly used in the treatment of trypanosomiasis. Van Saceghem and Nicolas 
09161 showed 7 that its injection caused the disappearance of T congolense in only 11 
mfnutes from the circulating blood of guinea-pigs infected with these parasites whdc 

S£dof guinea-pigs infected with derrengadera. Er en in the early days of the treatment of 
CanosSasi! the superiority of tartar emetic over certain well-known trypanoc des 
was*clearly demonstrated by Tsuzuki (1911) when he published a senes of quan¬ 
titative observations on the relative chemotherapeutic valueoi 6standard remeoies the 
animals expeiimented upon being mice infected with nagana. The therapeutic dose o 
each of these drugs per 20 gm. mouse was determined by him to be: areemous acid, 0-00°75 
—0-0001; atoxyl, 0-001—0-003; arsenophenylglycin, about 0• 004; fuchsm 0• 00o— 
0-005; try par blue, 0-003—0-0075; taitar emetic, 0-0001—0-0004. The <ast yielded the 
best therapeutic result?, but apparently still better results were obtained with a combina¬ 
tion of arsenopheny 1 glycin, trypanblue and tartar emetic. According to him, the best 
results are obtained by the combination of at least 3 remedies and m such cases the 
doses us:d are always very small, much less than it must be employed if the same substan¬ 
ces are given singly’. 

Tartar emetic has 3 important limitations. As shown by Van Saceghem and Nicolas 
(1916), the serum of animals treated with a lethal dose of the drug has no trypanocidal 
action in vitro , so that it remains only for a short period in the circulating blood in try¬ 
panocidal concentration or, in other words, it is excreted quickly. Secondly, as demons¬ 
trated by these workers, sterilization following an injection of the drug is only temporary 
for the parasites return into the circulation shortly afterwards, so that its penetrating action 
is too small to reach such parasites as are lodged in relatively safe retreats, such as the 
closed capillaries. Thirdly, it has been repeatedly observed that tartar emetic is drastic 
in its action, its use be ing, therefore, contra-indicated in massive infections, in view of the 
rapid formation of decomposition products from dead trypanosomes which are liable to 
cause an occlusion of the blood capillaries. 


It would now appear to have been well established that intravenous injection is t he 
only really effective method of using tartar emetic. Thus, Sergent ct al. (19246), in dealing 
with 'delab 9 of camels, cm], loyed the diug intramuscularly in oil in one animal and intra¬ 
venously in an aqueous solution in 7 animals; they found the former method distinctly in¬ 
ferior. Van Saceghem (1921a), however, working in Belgian Congo, used tartar emetic intra¬ 
muscular ]y, apparently with good n suits, in the treatment of T. con gale use infection of cattle. 
He used a 4 per cent aqueous solution of the drug and to this he added 4 per cent of pure 
sodium < hloride; a small incision was made in the skin before the insertion of the needle, 
this procedure being stated to minimize the irritant action of the diug which was given 
in 5 injections at 5-day intervals. He (1922a) records having found the drug ineffective 
when used intravenously or intramuscularly in doses of 0-5-1 gm. in 3 oxen artificially 
infected with T. congolense. 



64 


01 "“““* “* f “* -*r few lata. 

investigation trypanosomiasis with tartar emetic would appear to merit 

of a 2to°5 ^ interes \ record ed ^ Silberschmidt (1935) was that an inhalation 

1 a 2 to 5 per cent solution of tartar emetic prolonged life to 3 to 4 times normal in rats 

^“iT lnfeCt6d " lth T ' emmi ’ alth0Ugh such “halation did not produce actual steri- 

tartra£ 1 inL (1 t 909 J W *! T ° f P ioneers in exploring the possibilities of antimony 
StaSsfsu2r a T tr ^ an0s f“- The drug has since been extensively 

^ ff f rent ^rkers on the trypanocidal value of antimony tartrates in combating 
surra, as being of especial interest for workers in India. ° 

Tartar emetic enjoys to this day considerable popularity as a drug of real value in 
the treatment of T. evansi infection in different species of animals. It remarkable that, 
in the early days of the treatment of equine and camel surra in India, the drug was found 
by Holmes (1910c) and Leese (19106) to be ineffective, this being in contrast with 
the results reported at a later date by Cross (infra) as will be seen presently. Holmes 
mentions the drug as having produced only temporary, though rapid, cure in equine 
surra when it was used intravenously in a 1 per cent solution, while Leese reports having 
treated 21 surra-infected camels intravenously with the drug for periods ranging from 2 
to 6 months but failed to obtain recovery in any of these. 

The results obtained by Cross (1920a) in the treatment of camel trypanosomiasis in 
jidia by the intra\enous injection of a 1 per cent solution of tartar emetic would appear 
to have been remarkably successful. They are summarized in Table III. 

Table III 


Results of tartar emetic injection in camel trypanosomiasis 


Camel No. 

Quantity 
injected and 
number of 
injections 

Daily or 
alternate day 

1 

200 c.c. 

6 

Daily 

2 

600 c.c. 

7 

Do. 

3 

260 c.c. 

3 

Do. 

4 

200—250 c.o. 

6 

Do. 

5 

200—260 c.c* 
10 

Alternate day 

6 

60 e.o 

Do. 


Result 

Post-treat¬ 
ment obser¬ 
vation period 

Remarks 

Cured 

129 days 

Died after this period without 
trypanosomes in blood. 

Cured 

179 days 

Do 

Cured 

780 days 

• • 

Cured 

513 days 

Died after this period without 
trypanosomes in blood. 

Cored 

887 days 

• • 

Cored 

946 days 

• • 


Cross recommends injections of large doses, such as 600 c.c., in 3 paits at 2 to 3-hour 
intervals, for death is likely to occur if the quantity is given in a single injection. 
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Cross (19206) supplemented the foregoing '^ t h loTosei 4MQ S 

1919-90. In tLi* report he states that recovery w in 3 in) actions at 2 to 3-hour 

of the < metic solution or with a smgle <obSed when 10 to 12 doses of the 
intervals. On the other hand, e ^° ura ^ ^ ^th 150 c.e. and in reasmg to 300 c.c. 

that a 8uitable co " ™ 

60 c.c., this being progressively raised to 200 c.c. 

.i.*« »«*» » 

taxtar emetic at ^ o^wo^^clude^ & ^ ^ a matter of fact, 

trypanocidal concentration in ^® . Cir ^ ? be or j y 24 hours and h-. considers the drug 

»i» a . «. -.»»'«- 

blocking of the capillaries by the dead trypanosomes. 

Snnfa.n, (1936) «d intravenous injection, of 

.^o. y of««.o bovine »urr..but 
State, S g ( ) ,i /iQ4.7\ also records bavins obtained encouraging re 

“ ”* *• “ - 

massive. 

Tartar emetic has also been a favourite drug for the treatment of surra or closely 
*lli f d leases mother countries. Vein (1918) used tartar 

523J a ca'valry in Morocco. The results are summanzed m 

Table IV. 

m__ TIT 


Results of tartar emetic injection in T. evansi infection of horses in Morocco 

(Vdu, 1918) 


s 

Drug 

Atoxyl 

with 

emetic, 

massive 

doses 

Emetio 

massive, 

with 

arsenic a Is 
small 

• doses 

Emetio 

with 

massive 

thiarsol 

Emetic 

with' 

small 

doses 

galyl 

Emetic 

with 

orpiment 

• 

Emetio 

with 

novar- 

senobillon 

Emetic 

with 

arseni- 

cals, 

both 

small 

doses 

Number of horses treat¬ 
ed 

10 

% 

11 

5 

5 

5 

5 

a 

) 

Horses that survived 
after a year 

2 

4 

1 

1 

0 

2 

m m 

2 


—‘Arsenicals’ in the table represent different kinds of these drugs in therapeutic U3s. 

The deaths were either attributable to the disease itself or to poisoning by the drugs. 
From the above table it will be seen that, out of a total of 46 horses treated, o*dy 12 
(26*0 per cent) survived—a result which was far from satisfactory. 

IVP2ICAR—10 








«»t ltUr + e rI ‘ UT i r,s 1° bave obtained vepy good results with tartar ematic in t’m 

f* rreT i^ t 7 k (mal de cadfras ) in Venezuela. He used the drug intaavenoin- 

»0*T dissolving I to 1 -50 gm. of it in 100 e.c. of a 0-4 per eent common salt soluliom 

ti, „ t ( 192 J«)I treated 2 experimental cases of camel ‘debab’ with a combina- 

ai-d the^^r w and at °, Xy ’ t he former beip 8 injected intravenously at a dose of 2 gm. 

j“ botk Tb ® Ba “ e workers, in collaboration with Donation and Lheritier 

i d t gr ° 1 ? P of 6 >delab ' camels ' with tartar emetic at a dose of 1 gm. at weekly 
' nterval . was apparently determined by the fact that, although the animals 
w e sterilized by an injection of 1-gm. dose, relapses occurred after 8 days. They sub¬ 
sequently had recourse to a series of 4 injections at weekly intervals but in this cas- too 
“ ds relapsed. They, however, adhered to this schedule until the animals received 

^ our 6animals were cured and these had received from 17 to 28 em 

°,. . e f 1 ug ln 9 . to ™ months. The 2 that failed to recover had received a total of 38 to 39 gm! 

em ?u C ; T te a ^ thors concluded that the treatment was particularly successful 

with the smallest dose of the drug. * Y > - 1U * 

. , ^ ec k* e (1^26) .ays down the following schedule for the treatment of surra in camel 
with tartar emetic, this leing claimed by him as having given 95 per cent cures: 1st day 
20 cc.; 2r d u d 3rd days, 20 c.c.: 5th, 7th and 9th days, 50 e.c.; 11th, 13th and 15th days' 

h0 > 1 ? ? { rC “ 17tL t0 ?5th ( Kvs, 150 e.c.; 37th, 39th and 41st days, 175 c.c.| 

* 1 ’ 49t ^ ^ a y s » 200 c,c * The chug is use din a 1 per cent solution, the total 

an ount of drug injected being 30 to 40 f m. Leckie refers to a missionary report from 

Dc ~ a testifying to the superiority of sodium antimony tartrate over potassium antimony 
tartrate m the treatment of kala-azar which Leckie designates as a form of ‘human try¬ 
panosoma is. Also, in the treatment of surra he found the sodium salt Teas depressing 
han the petassium salt. • ® 

Delpy (1929) eh alt, apparently successfully, with an outbreak of equine surra in 

dan by the inj« cticn of a combination of 4 gm. doses of ‘914’ and 1-5 to 2-gm. doses 

tartar emetic given on alternate days until 24 gm. of ‘914* and 628 gm. of emetic had 
en given. 

In the treatment of nagana and other forms of trypanosomiasis, taitar emetic has 
been by far the commonest drug in use, one important reason of this King its very low cost 
as remarked by Mon is (1936, 1937) in Northern Rhodesia. 

Amongst eaily woikus who used taitar emetic, me tion may be made of Martin and 
Lei oeuf (1908), who claim having cured T. congokns^ fection in a bull by a single in 
jeci ion of 40 egm. of the drug. Broden and Rodhain (1909) likewise record a case of re- 
eov. ry in T. con^olense infection in an ox. 

Laveran (lt(95) repeated Laving cbtainid good results frem the me e>f this drug 
n Heating 7. co. gciiue infection in laboiatoiy animals. 

Rioden and Rcdhain (1910), in dealing w T ith T. congolense infection in bovines, found 
that a single 1-gm. dose of tartar emetic, injected subcutaneously, prolonged life of the 
animel till it was slaughtered for food ; in any case # it kept the blood sterilized for several 
ua}s. r l n« y lound the intravenous route unsuitable, for death often resulted in animals 
inje etc d by • his route. Their finding in this respect, however, is contrary to the experience 
ol later workers who have almost unanimously advocated the intravenous route as the 
best for the purpose. 


*Cau:.; 1 agent T. bq t .um, bat Mensii considers it allied to T eiQn&i and provisionally designates it 


as 
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SrreLrkr.bly large extent to wh>cn tartar erne « — — , e r , ratpd 

^ wit/this drug • Thus, Hall (1*4 

£».««>, will. Henderson (1933) .b*md ^ “.S™ T. «mgolem » 

r. *-• H. (1935) .t»to tl». tort..' :r?hr t flirt “t,“p.»»somi..i» in to,.. 

„d cattle, although ..pc.tedI »)£»»* „ btai »«d eoo d .e.ult. in ‘.eating 

the liver tissues resulting m mortahty. Virions of a 4 per cent solution (doie not 

14,COO head of cattle by 3 or 4 mtiavenc.us mjections o a ^pe mad e 

stated) every 5 or 10 days. Henderson stresses the importance o g > ^ was 

solution of reliable brands of the drug. Tartar emetic 8tored m P . d t tar 

to have largely « «• ***“»“ ™'“j “in. ^fpeTSlo ,n 
emetic mtravenously, m doses of 0-6 to 0 08 c.c. ot a P The d wag adminis . 

the treatment of T. congolense and T. vivax mfecti cent 

tered at 2, 3 or 7-day intervals. The f ^ed SV^l^as 100 per cent and that 
The mortality m untreated animals infected with T. cong Maf-tam Veterinary 

PathoS^N^a^in ^WsleJorTfor 1938(LTued Tn 1 940) ? states that, while tartar emetic 
fe Sta, in I Mention in cattle, it i, not so in T congee mf.ct.on snd that 

animals infected with the latter parasite have to be weeded out. 

Tartar emetic has also been used fairly extensively in the Gold Coast Colony. Stewart 
(1932), working in this Colony, obtained recovery by the use of sodium antim Y 
in 24 out of 32 horses infected with T. vivax. Results obtamed in cases o ov ’ m - P . 
miasis were equally successful. The same worker (1935) treated 16 catt.e each 
5 intravenous injections of 12 to 15 gm. of sodium antimony tartrate at 5 day intervals. 
“Two of these were infected with T. congolense and the others with T. vivax. 
cured except 1 which relapsed but was cured after a second course. 


It would appear that tartar emetic, while effective in T. congolense and T. vivax 
infections in equines, is of little value in T. brucei infection, which last is mentione y 
Griffiths (1937) as being more amenable to treatment with tryparsannde. A similar 

view has also been expressed by Stewart (1938). 

Turnbull (1923) recoids having used antimony tartrate, in the Nyasaland Protectorate 
in doses of 25 c.c. of a 4 per cent solution at 5-day intervals, while Macaulay (1942) 
working in the Bachuanaland Protectorate, used 20 ml. of a 4 per cent solution of tartar 
emetic intravenously as a weekly injection in combating T. congolense infection in cattle. 
Turnbull usually gave a course of 6 injections. 


Pirani (1934), describing his experience in the treatment of what he designates a 
T. abyssinium infection in cattle, states that, while 5 to 10 c.c. of a 10 per cent solution 
of aloxyl had no effect on the trypanosomes, the same dose and strength of tartar emetic 
cleared the circulation. Like most workers, he enjoins caution in the use ot the drug 
on account of its drastic action. 



Van Saceghem (1935a) mentions a strain of T. congolense in cattle which proved rea*- 
tant to repeated intiavenous injections of 1-gm. dose of tartar emetic. He consider* 
it likely that the resistance was due to the animal having been* previously treated with 
the antimonial Dn 7. He (19356) found that, when a large number of cases of T. Congo-. 
tense infection m cattle were treated each with 8 intravenous injections of 20 c.c. of a 
5 per cent solution of tartar emetic, about 58 per cent recovered after 1 course, 29 per 
cent after 2 courses and 1 per cent after 3 courses^ The mortality during treatment 
amounted to about 10 per cent, the majority of animals dying after the first injections. 

In treating both equine and bovine trypanosomiasis—probably nagana—Bardoz 
(1934) used tartar emetic in combination with atoxyl, the first every third day and the 
second every tenth day. - _ 

Amongst workers who have made a critical study of the value of tartar emetic a* 
* trypanocide, the names of Hornby, Curson and Beven deserve special mention. The 
findings of these workers are summarized below. . : • » • 

ft ' a « * ■ jL 4ft 

• ^ 4 • ► i . ~ f ■ ft , m •™ 

Hornby (19196) used tartar emetic continually for 5 years in the treatment of 
trypanosomiasis—evidently nagana—of domestic animals in Northern Rhodesia, 
duiirg the First Great War and his experience in this regard is particularly* 
valuable. Aceoicling to him, a suitable single dose of the drug is 1 gm. for equines and 
cattle and 0*1 gm. for sheep and goats. The drug is best administered intravenously * 
in a 4 per cent solution. Hornby thus expresses his views concerning the value of tartar 
emetic as a trypanocide : ‘On account of its solubility, low toxicity and high trypanocidal’ ' 
action, tartar emetic is probably the most valuable drug for use on a large scale in the 
treatment of domestic animals affected with tiypanosomiasis. Its cheapness is also* 
a joint in its favour’. In the annual report of the Veterinary Department, Tanganyika* 
for 1931, Hornby and Bailey (1932) recommend 25 c.c. of a 4 per cent solution of tartar 
emetic—presumably at weekly intervals—to deal with T. congolense and T. vivax infection* 
in cattle. 

i 

According to Hornby (1933), the diug acts directly on the trypanosomes (c/. Bevan, 
svpia) and, there fere, independent of the antibodies. In view of the possibility of the 
trypanosomes beirg lodged in closed capillaries and of the drug being incapable of reaching 
.<ueh locations, the phenomenon of antibody production has also to be largely depended 
upon for effective sterilization. The formation of the antibodies is substantially lightened 
by the initial clearance effected by the ding. 

Hornby (1925) makes some interesting rcmaiks concerning the possibility of the 
production of antimony-resistant Mu.ins of T. congolense and T. vnax following the 
use of tartar emetic. He mentioi s Yoike el al. as having demonstrated that the nee 
of subcurative doses of tartar emetic does not result in the production ©f strains 
resistant to this drug, but that an atoxyl-resistant strain readily becomes also 
resistant to taitaremetic. Hornby, therefore, stresses the desirability of avoiding 
the use of arsenicals before treatment is undertaken with tartar emetie. He 
(i945) also makes ieme svggcsthe rcmaiks in explaraticn of the difciepant results 
obtained fiom the use of tartar emetic in the treatment of bovine trypanosoznianm 
He iaiticularly refers to the significant fact that, while the drug was successfully used 
in 1913in the treatment of 50 cattle believed to have been infected with. T . congolense 
)t proved ineffective in 14 infected cattle in 1941. In the first instance, the animal* 
concerned had passed through a fly belt before they received the emetic injection, ft* 


69 


that the drug acted therapeutically. Hornby argues that a proportion of the parasites 
always escape the action of the drug and that it, therefore follows that a solid steriliza¬ 
tion 1 only effected by the drug with the co-operation of antibodies. On the other hand, 
The animals in the second instance had been dosed with tartar emetic before exposure 
to the flies and they were again injected after removal from the fly belts. Several of 
the animals relapsed in spite of repeated courses of tartar emetic treatment. This failure, 
according to him, is attributable to the retardation of antibody production m consequence - 
of early injection of the drug initially. Hornby states that, notwithstanding these facts, 
the use of tartar emetic has proved to be of inestimable value m combating bovine trypano- 

somiasis in different localities in Africa. 


For the treatment of nagana, Curson (1922, 1924), used tartar emetic intravenously 
in a 5 per cent normal saline solution as fellows: 5 daily injections of 1-5 gm. in cattle 
and equines and 0 • 1 to 0 • 125 gm. per 25 lb. body weight in dogs. In a 94-page inaugural 
dissertation, Curson (1926) makes an extensive survey of the literature on tartar emetic 
therapy and makes a series of recommendations, largely based on his own experience. 
Curson’s recommendations on the use of the drug are as follows : (1) a 5 or 10 per cent 
solution; (2) 1 gm. for a year-old bovine and 1-5 gm. for adults ; (3) 1 gm. for donkeys; 
and (4) 3 to 5 injections, commencing with 1 gm. and progressively increasing to 2 gm. 
According to him, the toxic action of tartar emetic is attributable to the drug itself and 
not to toxins resulting from the destruction of trypanosomes. He states that, while in 
1920 the mortality amongst infected cattle was 90 per cent, it came down to 20 per cent 
in 1922 when tartar emetic was issued to stock owners. The value of Curson’s 
method of treatment with tartar emetic was confirmed by Richardson (1928), who 
obtained recovery in 734 out of 782 cattle treated by this method in South Africa. 
He used a flat dose of 15 grains of the drug in 25 c.c. solution intravenously. 

In a manuscript report submitted in 1918, Bevan states that tartar emetic is parti¬ 
cularly adapted for use in bo vines, as they are peculiarly tolerant to antimony, although, 
the cure resulting from the use of the drug in these animals is in the nature of 
tolerance to the presence of the parasites and not one of complete sterilization. 
Bevan (1928) has thrown some interesting light on the mechanism of action of tartar 
emetic in trypanosomiasis. The very facts that large doses of the drug, due to its drastic 
action, are contra-indicated and that only a 1-gm. dose in a 100 per cent solution need bo 
used, indicate that complete sterilization of the circulating blood is not necessary. The 
drug would appear to operate by killing off a proportion of the trypanosomes and keeping 
the others in check by liberating toxins and the production of antibodies. That the drug 
does not effect a charge in the trypanosomes is shown by the fact that the disease repro¬ 
duce in animals by means of trypanosomes derived from a successfully treated animal 
». normal course, so that recovery is attributable to resistance developed by the 
t/eated animal. Furthermore, that recovered animal is resistant to re-infection lends 
support to this conclusion. A method recommended by Bevan for making animals ‘toler¬ 
ant to infection is as follows : ‘The method involves the standardization in sheep of th* 
strain of trypanosomes of the area in which animals are to be exposed to natural infection. 
and treatment with potassium antimonyl tartrate appropriately timed upon the bas*- 
of the appearance and reappearance of the parasite in the peripheral blood’. 


The results reported by Fernandes (1942) as having been obtained by him from the 
use of tartar emetic in the Portuguese colony of Mozambique constitute a striking testimony 
to the extent to which the drug has proved of value in the running of copra estates in 
that colony, where cattle had to be maintained for manurial purposes. Tartar emetic 
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was introduced into these copra estates when they were about to close down owing to 
the difficulty of keeping cattle protected from trypanosomiasis. The introduction of the 
drug enabled the owners to restock the estates even when tsetse flies were present there. 

The drug was used intravenously in a 5 per cent solution, at a dose of 8-12 ml. for calves 
and 30-40 ml. for adults weighing over 500 kilo. Initially, 3 injections at fortnightly 
'intervals were given and 3 to 4 yearly injections for the maintenance of the cattle. When 
re-infections were common, the injections were given at monthly or fortnightly intervals. 

The value of antimonials as trypanocides thus remains vindicated even to this day 
in spite of the introduction of antrycide which bids fair to supersede most of its other 
rivals in the field of chemotherapy. Davey (1948), one o p the discoverers of antrycide, 
himself remarks that, while in the treatment of cattle trypanosomiasis antrycide is mostly 
used against T . brucei , antimony tartrate still continues to be used against T. congolense. 

There are very few records of tartar emetic having been used in the treatment of human 
trypansomiasis. Van den Branden (1918) injected tartar emetic intravenously to a human 
patient in a 4 per cent concentration in an oily suspension. The injection was followed by 
a violent cough and he, therefore, condemned the drug as being contra-indicated for use in 
trypanosomiasis of man. He found that the oily suspension had no advantage over the 
aqueous solution. 

Laveran (1908) considers the intravenous injection of tartar emetic into human subjects 
inconvenient in practice and this view would appear to be shared by Thiroux (Sleeping 
Sickness Bull ., 1, 160; 1908). ' 

Occasional instances are on record of recovery having been obtained in human trypano¬ 
somiasis by the use of tartar emetic. Thus, Masters (19186) records having used tartar 
emetic with some success in the treatment of sleeping sickness in Belgian Congo. He 
treated 370 patients by intravenous injections, on alternate days, of a 2 per cent solution 
of the drug at a dose of 4 to 12 c.c., the patient being allowed a week’s rest after 5 weeks of 
treatment. The total quantity of drug given to each patient varied with the stage of the 
disease. Of the 370 patients treated, 160 died or left, while recovery was obtained in 8 of 
the remaining patients. Although these results can by no means be regarded as encourag¬ 
ing, Masters nevertheless remarks that ‘the pendulum has now swung from soamin -to anti- . 
mony tartrate’. Murray (1919) records a case of sleeping sickness in a European which 
he cured by the intravenous injection of antimony tartrate twice a week, in combination 
with soamin or antimony oxide, on other days of the week. Bassett-Smith (1922) records 
a cure of sleeping sickness (T. gambiense infection) obtained with tartar emetic, 10 injec¬ 
tions of which were given, at a dose of about *gm. each spring, during 3 consecutive years. 
The case had proved resistant to atoxyl. Martin and Monier (1931) mention a case of 
sleeping sickness cured with tartar emetic ; it had proved resistant to arsenicals. Cure 
of sleeping sickness was attempted by some workers (e.g. Walravens, 1930) by the . 
oral administration of tartar emetic but this proved unsuccessful. 




CHAPTER IX 

Antimonials—contd. 

Antimosan 

A NTIMOSAN (Hoyden 661*) is a compound of trivalent antimony with a pyro- 
catechin derivative. It is more energetic than the 2 well known antimonial prepara¬ 
tions, stibenyl (acetyl-p-aminophenylstibiate of potassium or sodium) and stibosan or 
‘Heyden 471* (m. chloro-p-acetylaminophenylstibiate of sodium), both of which contain 

antimony in pentavalent form. When administered by the intramuscular <?r subcutaneous 
route, it produces little or no local reaction. 

Bock (1927) has brought forward experimental evidence to show that antimosan 
probably undergoes some chemical changes when injected into an animal 
He found that, in mice and rats, it is more toxic (‘unerheblich toxischer’) when injected 
subcutaneously than when it is given intraperitoneally. By the addition of absorption- 
preventing (fesorptionsverrinderider’) colloids, the toxicity of antimosan on intraperi- 
toneal injection can be raised to that of subcutaneous injection. By preventing the other¬ 
wise very quick liberation of the drug by ligaturing both ureters, the following toxicity 
results were produced : (a) On subcutaneous injection. No increase in toxicity ; perhaps the 
ligatured animals tolerated even more than normal animals. (6) On intraperitoneal injec¬ 
tion. It produced more than fourfold increase in toxicity. These observations are sugges¬ 
tive of the possibility that antimosan undergoes a chemical change in the organism. 


Referring to this drug, Parkin (19306) remarks that the necessity of using the intra¬ 
venous route for administering a drug greatly detracts from its value and on this point the 
superiority of antimosan over tartar emetic was at once established when he found that the 
former lent itself for subcutaneous injection without the occurrence of any untoward local 
reaction. It is likewise pointed out in a report of the Economic Advisory Council of Tsetse 
Fly Committee (1933) that the outstanding practical advantage of antimosan over tartar 
emetic is that the former can be given subcutaneously. 


* 

i , _ • • fx I A ( to an article by him on the efficacy of antimosan in bovine 

trypanosomiasis, Parkm (1930a), who worked extensively with this drug in South Africa 
gives some useful particulars to justify the replacement of tartar emetic by a more suitable 
drug such as antimosan. He quotes Curson as having stated that ‘taitar emetic is ad- 

- TJ A* ,° m ^ mg an t d f Ug Cl * ie ^ on account of its temporary beneficial action 
and the disadvantages resulting from faulty administration’. Parkin also refers to the 

f 16 , course ado P ted fOT use of this drug in certain localities in 



with 7^“ ( / 1936a) leCOr ] ds h v aving found that thfi dr “ft when tested on guinea-pigs infected 
with T. congolense, proved to be free farm the drawback of producing druffest 
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in the report of a Committee on trypanosomiasis, mentions antimosan as a highly satisfactory 
drug for use in the treatment of T. congolense and T. vivax infections in cattle and he consi - 
dera it free from the drawback mentioned above. 

Parkin (1930a) briefly reviews the experimental observations on record regarding anti- 
mosan therapy and the following information is abstracted from his review. Curson (S . 
Afr.J. Sri., 23, 603; 1926) found that the dr effective against T. congolense , but not 
against T. brucei , infections in mice. In a departmental report published in 1927 from 
Tanganyika, encouraging results are recorded to have been obtained when 9 infected bovines 
were treated with doses of 50 to 60 c.o. of a 5 per cent solution of antimosan at intervals 
varying from 2 to 7 days. In the report for the following year, it is stated that the routine 
procedure in the treatment of bovine trypanosomiasis with antimosan consisted of weekly 
intravenous injections of 10 doses or less of the drug at 0-015 gm. per kilo. 


The results of Parkin’s (1930a) own trials with antimosan on bovines artificially infect¬ 
ed with T, vivax and T. congolense are summarized below. 


I T. vivax Infection 
Antimosan at 8-day intervals 


1 

Bovine 

Number and weight of doses 

Result 

• 

Observation period 

I 

1 of 3 gm. 

Died of araplasmosis 


2 

. 

f # # • « •• 

3 of 1*8 gm. 

Sterilized 

76 days. 

3 1 

3 of 1 • 8 gm. and 2 of 1 • 2 gm. ' 

Do. 

i> 84 days 

. 4 

Control 

1 each of 1*2, 1-8 and 3*0 gm. 

Do. 

* 

Approximately as above 

230 days 


II T. CONGOLENSE INFECTION 

(a) Antimosan at intervals of 4 or 8 days 



Total 

Number 

of 

bovines 


Number and weight of doses 


Control 


2 and 5 doses respectively of 3 
gm. 

6 doses of 1 • 2 gm. 


Interval 


Result 




. i 


8 days 


4 and 8 days respectively 


Sterilization 


Unsuccessful 


Parasites present after 5 
months 



(6) Antimosan in doses oj 3 gm. at 7-day intervals 

Sterilization was obtained in 2 bovines during an observation period of 11 
The treatment was unsuccessful in 3 others. 


weeks. 
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(c) Antimosan in 1 or 2 doses of 6 gm, each 

Sterlization was obtained in a bovine treated with a single dose and in another with 
2 oomSto doses, the observation period being 51 and 71 days respectively. The 

treatment was unsuccessful in 2 others. 

(d) Antimosan in 2 to 4 doses at 20-day intervals 



From the results summarized above, Parkin concludes that a dose of 1 • 5 gm of anti¬ 
mosan at 28-day intervals is ‘decidedly promising for practical application under field condi¬ 
tions’. Parkin’s observations also appeared to him to provide indication of the desirability 
of postponing treatment until the disease had advanced. 


Parkin (19306) tested the efficacy of antimosan in 5 horses artificially infected with 
T . bntcei. They were treated with 2 to 5 doses of 3 to 6 gm. each, administered at weekly 
intervals; 1 was sterilized, 1 died and 3 attained a stage of premunition. There were 3 
controls and all of them died. For the treatment of T. hrucei infection in horses, he re¬ 
commends an injection of 3 to 6 gm. of antimosan per 300 to 400 kilo, at intervals of less 
than 4 weeks’. He (1931a, 19356) followed up these results by carrying out a further 
series of trials on 5 T. 6rucei-infected horses weighing from 352 to 431 kilo. Sterilization 
was obtained in 3 and these had received 6 doses of 5-25 gm. each at 21-day intervals, 8 

doses of 5-25 gm. at 14-day intervals and 3 doses of 3,6 and 9 gm. at weekly intervals. The 
trypanosomes failed to disappear from the blood of the other 2 horses, one of which had re¬ 
ceived 6 and the other 8 doses of 3*75 gm. at 21-day and 14-day intervals respectively. The 
three cures, however, showed no resistance to the infection 42-342 days after sterilization. 


Parkin (19316) tested the curative effect of a 12 percent solution of antimosan for sheep 
artificially infected with T. congolense. He failed to obtain sterilization in a sheep treated 
with a single dose of 3 c.c. of the drug, while one recovered out of 2 others that had received 
single doses of 7 c.c. of antimosan. Sterilization was obtained in 13 out of a group of 17 sheep 
treated with a 10 c.c. dose. Fifty-six sheep received 2 or more of 3, 5, 7 and 10-c.c. doses of 
the drug at intervals of 7 or 28 days, and the results are summarized in Table V. 

L/P2ICAR—11 
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Table V. 


Summary of treatment of 56 sheep artificially infected with T. congolense 


Doses in c.o. 

Number of sheep 

Number sterilized 

3, 6, 5, 5 .. 

2 

0 

3, 5, 5, 5, 5 

7 

3 

6, 5.5, 5 .. 

3 

0 

5, 6, 5, 5, 5 

9 

2 

3, 6, 10, 10 

2 

2 

5, 6, 10, 10 

3 

3 

7,7 

12 

9 

10, 10 .. 

2 ' 

1 1 

6,10 .. 

10 

9 

10, 6 .. 

6 

3 


The first 6 groups of sheep were treated at 7-day and the other 4 groups at 28-day inter- 
rali. Parkm concludes from these observations ‘that the practical and economical dosage 
for the production of sterilization is the 10 c.c. repeated’. 


Finally, Parkin (1935c) used antunosan in the treatment of both natural and artificial 
T. congolense infections in dogs and found the results ‘quite remarkable’, for not only it steri¬ 
lized the circulation, but also caused the ‘entire disappearance’ of the symptoms. He 
gives the protocols of 2 dogs both of which were repeatedly artificially infected and 

then treated The dosage of the drug was 0-025 gm. per kilo, in all the treatments in one 
and 0*17, O'29 and 0*046 gm. per kilo, in the other. 


Bevan (1931) in Southern Rhodesia found that antimosan was only effective in the 
treatment of bovine trypanosomiasis in the early stages of the disease and was therefore 
of little value under field conditions, in view of the practical difficulty of diagnosing infec¬ 
tion at the correct time when a large number of animals were concerned. 

Van den Branden (1926c) tested the efficacy of antimosan on 8 cases of human try¬ 
panosomiasis and found its action less energetic than that of tartar emetic and also transient 
(‘passagere’). According to him, it can be regarded as no more capable than stibenyl or 
stibosan of superseding tartar emetic and it even rapidly aggravates the general condition 
of the patient when used in the treatment of chronic trypanosomiasis. In the treatment of 
animal trypanosomiasis, however, Daubney (1930), working in Kenya, found antimosan 
as good as tartar emetic. 


In his report on the work of the Veterinary Laboratory, Mpwapwa (Tanganyika 
Territory), Hornby (1931) recommends for the treatment of bovine trypanosomiasis a 
course of 5 subcutaneous doses of a 6-3 per cent solution (as standardized by the manufac¬ 
turers) of antimosan at weekly intervals, the course being repeated after a first and a second 
relapse, with a single dose of 80 c.c. in the event of a third relapse. 


*• 
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satisfactory results in the treatment of T. J relapse might be expected to occur in 

in doses of 40 c.c. on 4 second course of treatment He 

50 per cent of the animals, a unsuitable for use in large outbreaks, which 

remarks that, on account of its hig ^ tartar emetio Referri ng to the prophylactic 

have, therefore, to be controlled y the Uganda Protectorate, states that the 

value of antimosan, Poulton (1.934), wor ™g . V,, oxen w j len it was given m 

drug proved incapable of preventing nivhtlv intervals but the treated animals 

weekly injections foUowe ^ n 939) reC0 rds I similar experience in the Nyasaland 

remained m good condition. l)e Meza ( 1 treated cattle did not lose in health. 

He mention. 3 nnim.1. having 
survived for 3 years by receiving 1 dose of antimosan year y. 

another died from other causes, while all of the remaining 7 recover 

Peck (1943) used the drug in the treatment of T. evansi infection in camels. Single 

appllot™ 'hiSS. drag da, «h»n» b=« »ldo» ».d in th. treatment 

of this infection. 

Le Roux (1943) in Northern Rhodesia records having cured T. siraiae infection in a 
pig weighing 150 lb. by the intravenous injection of 2 doses of antimosan at 40 ml. ea . 
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CHAPTER X 


Surfen 0 


S URFEN C (‘Hochst 6678’), a quinoline derivative, is a Bayer preparation and 
bis-2-methy 1-aminoquinoly 1-6-melamine with, the following formula. 




Surfen C should not be,confused with the antiseptic substance Surfen, which is bis-2 
methyl-4-amino-quinolyl-6-carbamide. The properties of Surfen C are discussed by Iensch 
(1937), who states that it is contra-indicated in man because it produces nephritis. Surfen C 
is identical with the Bayer preparation ‘congasin . 


Brauss (1944) tested on mice the trypanocidal action of both Surfen and Surfen C.. 
The former is stated by him to be effective against T.equiperdum but not against T. 
congolense which was, however, found to be susceptible to Surfen C. Tested on mice 
infected with T. brucei f Surfen C showed a therapeutic index of 1:50. In doses of 
0*05-0*5 mgm. it prolonged life, while 1-10 mgm. had a curative effect. It conferred 
complete protection on mice when it was injected in a dose of 1 mgm. 48 hours before 

infection. There was evidence of drug-fastness when it was injected in small doses. 

• * ^ 

Surfen C was introduced into the field of chemotherapy with the claim that the curative 
dose of the drug in T.congolense infection was only a single injection of 10 mgm. per 
kilo, as against 4 subcutaneous injections, at weekly intervals, of 3 gm. antimosan, which, 
prior to the introduction of Surfen C, was a frequently used drug in the treatment of the 
disease. The claim was also put forward that, in calves, an intramuscular injection of 5 
mgm. of the drug per kilo, cured T. congolense infections in the early stages. The drug at a 
dose of 10 mgm. per kilo, was also stated to be equally effective in both early and advanced 
T. congolense infections in sheep. 


Hornby (1934) in Tanganyika was one of the earliest to work with Surfen C and he 
states: ‘The result which may be expected to follow a single intramuscular injection of 
Surfen C is at least as good as the result to be expected from a course of 5 weekly inj ections 
of antimosan or tartar emetic’. Acoording to Hornby’s (1938a) experience, the effect of 
intravenous injection of the drug is too severe for the animal and he considers that, 
therapeutically, the intramuscular route is as good as the intravenous. 
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According to Delidimitriou (1938), the subcutaneous route is as good as the intra¬ 
muscular for the injection of Surfen C. He found that, when injected intramuscularly 
in a dose of 100 c.c. of a 2-5 per cent solution to 270 cattle infected with T. congolense, 
the trypanosomes persisted only in 28 of 253 animals examined 1 to 6 months after the 
treatment. Van Saceghem (1938a) also records a similar experience and in 
addition he found the drug effective against T. vivax. Langer (1939) likewise obtained 
good results with Surfen C in the treatment of T. congolense and T. vivax infections in cattle 
and horses. 

Bennett (1935) in Sudan records having used Surfen C successfully in treating a 
natural case of T. congolense infection in a horse. He found the drug unsuit ble for injection 
by the subcutaneous or intravenous route. :— 

StewarV (1935) in Gold Coast tested the efficacy of a single intramuscular injection 
of Surfen C in bullocks and the results are shown below. 

(а) In 1933. Seventeen West African shorthorn infected with T . vivax. He reports 

the results thus*. ‘Five of these bullocks have been positive since, one of them 
on 2 occasions but these five have been negative since end of 1934’. 

(б) In 1934. (i) Thirteen West African shorthorn of which one each was infected 

with T. theileri , T. brucei and T. congolense and the others with T. vivax. (ii) 7 
Zebu of which 2 were infected with T. congolense and others with T. vivax ; 
relapses occurred in 4 of (?) and 5 of (ii). According to Stewart, SurfenCis less 
effective than tartar emetic, but it ‘appears to be useful after antimony 
treatment to prevent relapses’. The drug was used in doses of 100 c.c. In his 
annual report for the year 1935-36, Stewart observes that the drug is more 
effective when injected intravenously, although alarming symptoms are 
produced when this route is used. 

While antimosan has been an extensively used drug in Nigeria (ante), Surfen C received 
particular attention in the treatment of animal trypanosomiasis in the Uganda Protectorate. 
Mettam (1935 a,6), working in this locality, reports having experimentally used the drug 
with success Ninenteen cattle artificially infected with T. congolense were each treated intra¬ 
muscularly with the scheduled dose of 100 c.c. of Surfen C; 1 died and the others were 
cured. Four of the latter were subjected to test inoculation with the parasites 3 months 
later and they proved immune. In a later report, Mettam (1936) writes that Surfen C is the 
best trypanocidal agent available for the treatment of cattle trypanosomiasis. He further 
remarks that, while antimonials are most efficacious against T. congolense , they have but 
little action on T. brucei , but that Surfen C is efficacious against all the 3 cattle trypano¬ 
somes, namely, T. congolense , T. vivax and T . brucei. Poulton (1935) mentions having 
obtained encouraging results with Surfen C in the treatment of cattle infected with T . 
congolense in the Protectorate, where as many as 91 outbreaks due to T. vivax , T. congolense 
and T.brucei occurred in 1944 alone. In a subsequent report, Poulton (1937) gives an account 
of tests carried out by him with Surfen C on 2 small herds of cattle showing mixed 
infections. The drug cleared the circulation of both T. congolense and T. vivax , but T. brucei 
persisted in a few of the animals. On the other hand, Marshall (1937), working in the same 
locality, found the drug ineffective against a Nigerian strain of T. vivax in cattle. Carmichael 
(1938) found Surfen C valueless in calves infected with T . congolense. On the whole, observa¬ 
tions of Uganda workers can hardly be reconciled with those recorded by certain workers 
elsewhere such as Delidimitriou (1938) and Van Saceghem (1938), to whose names reference 
has been made earlier. It is, however, possible that, as considered likely by Van Saceghem 
(1939), the discrepancies may in some measure be due to different samples of Surfen 

varying in potency. 
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Bennett (1936) in ^clause, ^ 2£ a s^“se 

“ “‘‘“I'gl per lilo ’T.s effective .. 20 c.e. f«r kilo. o( . 40 pet cent .olotion 

““7Zu (»»)*;»-^:sri»o of ^ c ,kr ss—assss 

facturers (Messrs. Bayer), ^ , ^ravenously. As for the subcutaneous 

‘almost errtaml uns at the site 0 f injection render this route objectionable’, 

route, ‘large swelling P 8 use( j k e f 0U nd that “troublesome local swellings 

mry^Ivebp’’ N^veXle^ this last route was ’considered to be the safest and in13 out of the 
U horsls Bennett administered the drug in 4 intramuscular injections, namely into both 
thiehs and buttocks. In the remaining horse, the drug was given intravenously, with tempo- 
rS sZptoms of collapse and later it received a second dose subcutaneously. Of the 
KSmentioned above, 9 recovered after recevmg a single injection of the drug m 
dosi of 2-5 mg. (3 animals), 3-75 gm. (5 animals) and 5 gm. (1_ arnmal). The remaining 4 
Ss relapsed one or more times and were re-treated with the drug, as shown in 

Table VI:— 

Table VI 

Results of Surfen C treatment in horses __ 


Horse 


Date of 1st 
treatment 
and dose of 
drug in gm. 

12-V-35 

2-5 


Date of 1st 
relapse and 
dose of drug 
in gm. 

14-VI-35 

3*75 


Date of 2nd 
relapse and 
dose of drug 
in gm. 


Date of 3rd 
relapse and 
dose of drug 
in gm. 


Remarks 


Cured 


2-VI-35 1 15-VII-35 


2-5 

13-VII-35 


3*75 


3*75 

9-1X-35 


50 


28-VIII-35 

50 


9-IX-35 


7-5 


Cured 


7-1-36 

to 

8-II-36 
12-5 
(in 5 
weekly 
injections) 


Cured 


13-VII-35 


5-0 


20-1-36 

to 

8-II-36 

7*5 

(in 3 injec¬ 
tions at 10 
day inter¬ 
val). 


Cured 


It.is of interest that in none of the relapse cases the parasites were found in the 
circulating blood, but that their presence was detected on sub-inoculation into gerbils. 

Evans (1936) in Sudan has published a small number of observations on the relative 
efficacy of antimosan and Surfen C for T. congolense infection in cattle. These observa¬ 
tions are summarized below. 




Antimosan. Twenty naturaUy infected bulls, weighing between 700 and 80ft IK 

as? 

X -ssstsis?' ss asii x 

TOgjX utT but k the “ °““ • a “» •» 10 M. per 100 lb. brfy 

Sutfen C The drug was supplied by the manufacturers in a 2-5 per cent solution 

SisTeZd 100 CX - 01116 ™ obtained in aU of a baShrf 7 

[ he drug, although 1 died 13 days after treatment, apparently from 
causes other than trypanosomiasis. v om 

Rtando^ 6 ^ (1935) found a dose of 10 mgm. per kilo, of Surfen C more effective than a 
ndard dose of tartar emetic for sheep infected with T. congolense and T. vivax, but 
relapse occurred m these animals after 3 doses of the drug given at weekly intervals 
Relapses also occurred m a few weeks of treatment in the majority of a batch of 18 

6 ° f wlu ? h J had Reived the drug at 10 mgm. per kilo, in 3 weekly doses, while 
the other 12 received single doses of the drug. It is worthy of note that, while a course 
ot 3 injections failed to sterilize, all the treated animals remained alive after 6 
months, the percentage of survivals among the controls was only 6 * 2 . 

Van Rensburg (1938) refers to the Veterinary Pathologist, Nigeria—presumably 

Marshall to whose name a reference has been made earlier—as having stated inhia 1935 re . 
port that, out of a batch of 6 animals artificially infected with T. vivax and treated with 
Surfen C, 2 died of trypanosomiasis and a third continued to show the parasites in blood. 
Van Rensburg (1938) also refers toDanks and Daubney in Kenya as having stated, in a 
memorandum submitted by them to the Conference for Co-ordination of Tsetse and 
Trypanosome Research in East Africa, that as many as 6 relapsed out of 13 bo vines 
treated with Surfen C for trypanosomiasis and that ‘Daubney is doubtful about the 
effect of the drug’. Van Rensburg quotes the following remarks made by Bevan (1937) 
in his Progress Report on Research on Trypanosomiasis in Southern Rhodesia: ‘The 
so-called Surfen C, much vaunted as a remedy for T, congolense infection elsewhere 
has not proved as successful against the local strains of trypanosome’. 

Van Rensburg himself (1938) makes the following statement: ‘(1) The 
intramuscular injection of Surfen C in the treatment of T. congolense infection in bo vines 
and ovines was found to be ineffective. (2) The intramuscular injection if Surfen C into 
bovines caused serious local reaction”. He tested the efficacy of the drug on 5 bovines and 
6 sheep artificially infected with T . congolense. The results, which are given by him in 2 
tables, are summarized below (the dosages are per kilo, body weight): 

Bovine 1. Received a dose of 10 mgm. followed by 5 doses of 2* 5 mgm.; then 

by 2 of 5 mgm. and finally by 2 of 2* 5 mgm. combined with 15 c.c. 
of a 12 per cent solution of antimosan; the intervals between these 
doses were 49,1,19,1,1,19,1,88 and 22 days respectively. The treat¬ 
ment was unsuccessful; the trypanosomes temporarily disappeared for 
a few days during treatment. _ 

» - 4 ^ < * 

Bovine 2. Received 2 doses of 2-5 mgm. each, followed by 5 doses of 5 mgm. 

each; intervals 1 , 142, 7, 7, 7 and 8 days respectively. Unsuccessful; 
trypanosomes temporarily disappeared as in Bovine 1. 


Bovine 2, 
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Bovine 3. 
Bovine 4. 


Sheep 1. 


Sheep 2. 
Sheep 3. 


Sheep 4. 


Received 5 doses of 5 mgm. each ; intervals 7, 7, 7, and 8 days res¬ 
pectively. Unsuccessful; trypanosomes failed to disappear. 

Seven d.ys .ft., 2nd dose, tr W .no»me.«... .b.ent 
for 16 days and disappeared altogether after the 3rd dose. 
p H o d0S es of 2 mgm. each, followed by 2 doses of 2 mgm. 

SSI 1. 22, .nd 1 day ,e.p.etiv.ly. Un™cc.»f*t,yp.n<.»m- 
es temporarily disappeared for a few days during treatment. 

Received 2 doses of 5 mgm. each at an interval of 1 day. Sterilized. 

Received 2 doses of 2 • 5 mgm. each, foUowed by 6 doses of 5 mgm- 
each • intervals 1, 11, 1, 88, 7, 7 and 7 days respectively. Unsuccess¬ 
ful ; trypanosomes temporarily disappeared for a few days only during 

treatment. , . 

Tfppeived a dose of 2-5 mgm. combined with 5 c.c. antimosan, this 
S M..S!.ta.nin«™l.f 8d.„, by a doae ofl» mgm an«- 
mosan. Trypanosomes temporarily disappeared for a few days after th 
1st dose and altogether disappeared after the 2nd. 

Received 2 doses of 10 mgm. each ; interval 50 days. Unsuccessful; 
trypanosomes disappeared for a few days only during treatment. 

Received a single dose of 10 mgm. Unsuccessful; trypanosomes absent 
from circulation for 3 days only during treatment. 

Perhaps the most unfavourable report yet published on the effect of a trypanocide is 
that of LeRoux (1937) on Surfen C. Working m Northern Rhodesia, Le Roux records dis¬ 
astrous results from the use of this drug in cattle trypanosomiasis some of the animals 

having died, 15 minutes after drug injection, with froth and blood from nostrils On post¬ 
mortem examination, they showed haemorrhages in the lungs. Guyaux (1940) used 
Surfen C in the usual dose of 100 c.c. of a 2-5 per cent solution in the treatment of 28 
cattle infected with T. congolense. He obtained cure in 16 of these, while the remaining 12 
showed the trypanosomes for 3 to 8 months after treatment. He cites experimental 
observations to establish its superiority over tartar emetic. 

Cilli (1941), working in Eritrea, found the drug ineffective against T. vivax infection in 
cattle. He further noted that, while the animals tolerated an intram scular dose of 40 
ml. of a 2*5 per cent solution of the drug, it might cause death in those weakened by the 

disease. 


Sheep 5. 
Sheep 6. 


Kraneveld and Mansjoer (1940) found the drug of little prophylactic value 
and almost valueless therapeutically against surra in guinea-pigs. According to them it 
|S much inferior to suramin. 

To sum up, the reports that have emanated from different parts of Africa concern¬ 
ing the efficacy of Surfen C for animal trypanosomiasis are remarkably conflicting. 
Workers who report more or less favourably on the drug include Hornby and Bailey 
(Tanganyika), Mettam and Carmichael (Uganda), Kenya Veterinary Service, Evans 
(Sudan), Bennett (Sudan), Lester (Nigeria), Van Saceghem (Belgian Congo) and Delidi- 
mitriou (Belgian Congo). Workers who found the drug more or less ineffective include 
Marshall (Nigeria), Stewart (Gold Coast), Danks and Daubney (Kenya), Bevan (Southern 
Rhodesia), Le Roux (Northern Rhodesia) and Van Rensburg (South Africa). 
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CHAPTER XI 


Bismuth Compounds 

« 8 COMPARED with Sf&t 

A cals and antimonials, bismuth compom^ occup^^ aad P judging from available 

future work on this disease. 

Adler 119216) carried out some experiments on the efficacy of bismuth sodium 
?i TLei T. to but found .t 

intraoentoneally at 1 to 1 • IcxHt caused peritonitis, although sterilization was effect¬ 
ed Relapses took place when it was given by the intramuscular or subcutaneous route. 

It was likewise fou£d valueless by Van Saceghem 

mentally infected with T. congolense. Sazerac and Levaditi (1921a, 6) also used it unsucces 
folly, at a dose of 100 mgm. per kilo., against nagana in guinea-pigs. 

Van Saceghem (1924a) records having failed to use with success the socaUed 

‘bismoxyl’—a combination of 1 per cent solution of bismuth tartrate with extract of ox 

liver- in T. congolense infection. He (19256) also tested the efficacy of colloidal bismuth- 
called by him ‘bismuthoidal’—when injected intravenously in 20-50 c.c. doses into 
bovines infected with T. vivax, T. congolense, and T. brucei, the bismuth having been 
previously made isotonic in solution with sugar. It proved effective only against 1. 

brucei. 

Hall (1927) carried out trials with what he designated as ‘bisantol’ in the treat¬ 
ment of T. vivax and T. congolense infections in cattle, but it proved to be of little value 

(vide section dealing with antimonials). 


It is stated by Frouin and Guillaumie (1921) that a 1 per cent solution of subnitrate 
of bismuth in a 10 per cent mannite, when injected into mice infected with nagana, 
sterilized the circulating blood and also prolonged the life of the animals. This treatment 
would seem to merit further investigation. 
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CHAPTER XII 

Suramin 

. , HE discover of s™ ip-..» 2 

I ‘Bayer 205’, naganol and antrypol-constatutes an evenr g ^ anima l s . It super- 

the history of chemotherapy of tr yP^ 0 ^^ ^ treatin eiit of this disease, the absence of 
seded almost all the drugs P* e ™ u ®X cia j merits, for on this account its prolonged use 
arsenic in it being considere causing visual distrubances or of producing resistant 

was free from the attendant d g a 11Tn miu was found safe to use and slow but steady 

strains to the same extent as arsenic . slowly excreted, so that it remain- 

and not drastic as tartar emeticm its effect, in the circulating blood. 

ed for a prolonged period in yp readiness w ; t h which it dissolved in water and in 

the subcutaneous, in.ctnuscular, mtt.v.uou. or 

mt °n*n for the purpose of this section to consider the records of wort »it h 

-5»s-KgtJSKS £ S3? SSK 

STXS X r,.T 'oTo e ~ indication of the entent to which the d» s has 

proved of value in the treatment of human subjects. 

Suramin was manufactured about 1918 by the firm of Bayer «fe Co. Elberfeld, Germany 
and for some -years its chemical composition was not disclosed, although it was known 
that the c iZ wL not an arsenical. Hendel and Joetten (1920) found the drug highly effec¬ 
tive when tested on mice, rats and guinea-pigs infected with nagana or dourrne and also 
when tested on a donkey and dogs. Mayer and Zeiss (1920) likewise found the drug possess¬ 
ing unique trypanocidal properties and evidently considered it to be an arsenical preparation 
although in reality it was a non-metallic compound. Laboratory trials carried out by them 
on rats- and mice showed that it was highly effective against T. brucei, T. eqmj>erdum,T. 
equmum, T. gambiense and T. rfiodesiense, but ineffective against T. cruzi. They further 
observed that in blood smears the drug affected the multiplication processes, preventing 

the parasites from undergoing division. 

Fourneau, Trefouel and Vallee (1924) in France, after a series of laborious investiga¬ 
tions, produced a drug which they designated‘Fourneau 309’ and claimed as the equi¬ 
valent of ‘Bayer 205’. Their finding later proved to be correct, for it is now known that 
both ‘ Bayer 205 ’ and ‘ Fourneau 309 ’ are symmetrical urea of the sodium salt of m- 
b enzoyl-m-amino-^-methy lb enzoy 1-1 - a minon aph thalene- 4 : 6 : 8-trisulphonic acid. Its 

chemical constitution is as follows: 



85 



86 


For convenience, the drug will be mostly referred to as suramin throughout this section. 

The claim that ‘Fourneau 309* was identical with ‘Bayer 205’ was therapeutically 
tested by Laigret and Blanchard (1925). They found that the curative action of the two 
drugs was exactly similar in guinea-pigs infected with T. pecaudi and T. gmbiense . 

1. Laboratory Trials with Suramin 


The introduction of suramin into the field of chemotherapy was immediately followed 
by laboratory trials with this drug by a number of different workers and, for convenience 
of treatment, the results are summarized here, as far as possible, both subject-wise a ad in 
chronological order. 

Wenyon (1921) reported having used the drug successfully in the treatment of 50 mice 
infected with T. equiperdum. A single dose of 2 • 5 mgm. per kilo, was used in each case. 

Mayer (1922a) tested the efficacy of suramin when administered orally to 2 goats 
infected with T. rhodesiense . Cure was obtained in one that received 20 gm. in 6 days, 
while a relapse after a month occurred in the other that had received 2 gm. Brumpt and 
Lavier (1922), working with T . rhodesiense and T. venezuelense , found that 0-5 mgm. of 
the drug effected a cure even when 
death in mice. They found suramin also curative for T. brucei infection in mice and rabbits. 


injected only a few hours before the expected time of 


Concerning the therapeutic value of excreted material from subjects treated with 
suramin, Thomson and Robertson (1922) found that the urine of a patient treated with this 
drug had no effect on rats infected with T . rhodesiense . 

In studying the action of sura min on fatal infections in the frog Rana esculenta caused 
by T. inopinatum , Brumpt (1923) found that in citrated blood it was slow but efficient and 
it seemed progressively to destroy the virulence of the parasite ( £ il semble avoir d6truit 

la virulence’). 

Shigemoto (1923) removed organs of drug-injected guinea-pigs and inoculated their 
extracts into trypanosome-infected animals. From a study of the course of the disease, 
they concluded that the organ which harboured the largest amount of the drug was the 
kidney, the next in order being the liver. 

In rats infected with T. rhodesiense , Corson, (1934a) found that cure was obtained with 
1 c.c. of a 0*2 per cent solution of suramin, but that relapse occurred after 5 days. 

Lange and Kersten (1924) refer to the discrepancies in the results reported by different 
workers on the toxic dose of suramin for mice. Thus, Hendel and Joetten give the toxic 
dose as 18-20 mgm., although 30 mgm. is sometimes tolerated; Mayer and Zeiss, 10 mgm.; 
Miessner and Berger, between 10 and 15 mgm. Lange and Kersten themselves regard the 
toxic dose of suramin as 18-20 mgm. They found that the dose of 1 mgm. protected mice— 
apparently against the common trypanosomes-for 47 days. Lange and Kersten do not 
subscribe to the view advanced by certain workers that naturally infected animals, which 
are more or less in a chronic state of disease, constitute the optimum medium for the growth 
of trypanosomes which, in consequence, are more resistant to the action of the drug. 
According to Lange and Kersten, on the other hand, it is the animal in winch the parasites 
are capable of undergoing a rapid and boundless development that must be regarded as most 
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,* M , for Tbi, view, «» 

hs of tbe^parasitea. 

^p^s”;ri» d r5S,^r 

mals by the administration of cod liver oil. , , 

multiplication. . _ 

Pfannenstiel and Scharlau (1929) record 

serum in the wet form containing about 25 of serum produced 

sssasr 

Moschkaowski (1927) determined this concentration for guine p g i ^ non of 

TbrweiIn*T evansi It was found to be almost the same as mlro, nemely, 1,3,000 of 

the body weight of the animal when the drug was injected subcutaneously. Vierthaler and 
Boselli (1939? carried out what would appear to be a laborious series of experiments with 
graded doses of s^amin to determine the minimum concentration of the drug m blood 
necessary to effect a cure in rabbits infected with T. brucei. This concentration wui found 
to be 1 • 3 mgm. per 100 c.c. of blood. They have given figures to show the 
amounts of suramin present in the blood of rabbits for from 5 minutes to 10i days when 
the drug was administered in varying doses. They found that rabbits resisted T brucei 
infection even when the amount of drug present in blood was only 1 mgm. per 100 c.c. 
Culbertson (1939) studied the effect of suramin on T. eqmperdum infection m rats of different 
age groups and made the notable observation that the rapidity of sterilization varied in¬ 
versely with the age of the animal. In old rats the drug sterilized the circulation in 15 
hours, but in young rats it took 30 to 60 hours to do so. 

Reference has been made earlier to suramin having been given by the mouth. It is of 
interest that Trillat (1936) tested the possibility of effecting a cure m infected animals by 
causing them to inhale the drug. He observed that 3 hours’ inhalation of about 0*75 mgm. 
suramin, dispersed in a cloud, delayed infection with T . brucei in 252 mice. Van den Branden 
(19386) likewise found that suramin vapour, although it did not cure rats infected with 
T. brucei , prevented them from developing the infection. 

x 


Launoy (1934a) tested the value of suramin for cats infected with T. evansi . He observ¬ 
ed that a dose of 20 to 30 mgm. of the drug per kilo, sometimes cured these animals of the 
infection. Launoy (19376) further observed that in cats infected with T . annamense injec¬ 
tion of repeated doses of suramin produced what they called para-immunity, the animals 
being thereby made resistant to massive inoculation of trypanosomes. 
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r ^ r ^ s on the prophylactic value of suramin for laboratory animals infected with 

dmerent species of trypanosomes have been carried out by several workers. Their findines 
are summarized below. e 

Protection against trypanosome infection was obtained by Mayer and Menk (1922 a) 
m a goat that had been dosed with 20 gm. suramin and infected a week later, and also in 
a dog that had received 1 gm. on each of 3 consecutive days and infected 14 days later, 
.rum of mfected goats treated orally with suramin was found to have therapeutic effect 
m mice infected with T. equinum , T. brucei and T. equiperdum, while milk of goats similarly 
treated had a prophylactic effect against. Tequinum infection in mice. Brumpt and Lavier 
(1923) tested the prophylactic effects of the drug in laboratory animals infected with T. equin¬ 
um and T. pecaudi. In the first case, it protected for 78 days; in the second, up to 71 days. Ka¬ 
sai and Akazawa (1925) found that 0*005 gm. of suramin protected for 5 months mice infected 
with what was apparently surra parasites from Formosan water buffaloes. In their studies 
upon the action of suramin on guinea-pigs against T. equinum infection, Dios and Zuccarini 
(1926) found that 200 mgm. of the drug protected them for about 100 days. Levaditi and 
Klarenbeck (1927) found that a dose of 0*1 gm. suramin, when administered by the mouth, 

protected rabbits from nagana for 39 to 87 days, while Akazawa (1928) states that a dose 
of 0-005 gm. protected mice for 4 months. 

Launoy etal. (1929) have brought forward some evidence to show that, contrary to the 
general view, the prophylactic value of suramin is not merely attributable to the presence 
of the drug in the circulation or in the tissue, but also to other factors which are not under¬ 
stood. This is suggested by the fact that, when a sub minimal preventive dose of suramin 
is given to mice, guinea-pigs or cats before they are infected with T. brucei, T.evansi ox 
T. equiperdum , a refractory period of short duration in these animals is produced, but 
nevertheless, they may resist the infection for a long time and even recover spontaneously. 
These authors also observed that, when minimal or subminimal doses of suramin are used, 
the duration of the refractory period is proportional to the size of the dose. Launoy et al. 
(1930) state that the duration of the refractory period is not arithmetically proportional to 
the dose of the drug. 

Corson (19346) would appear to be one of the earliest to study the prophylactic 
value of suramin for small laboratory animals against the bites of infected tsetse flies. 
Working with white rats he found that 0*03 gm. of the drug protected them for 40 days 
against T. rhodesiense conveyed by Glossina morsitans. 

Launoy etal. (1930) have given some quantitative information on the protective value 
of suramin. They found that, when 4 doses ranging from 0*0001 gm. to 0*0006 gm. were 
used, the protective value increased in direct proportion to the size of the dose, each increase 
of 0-0001 gm. increasing the protective period for about 5 days. Their observations were 
made on mice infected with T. brucei. Launoy (19346) stresses the inadvisability of regard¬ 
ing the results obtained from experiments on 6mcei-infected mice as providing an indi¬ 
cation of the protective dose of suramin required to be used against trypanosomiasis in large 
animals, such as T. equiperdum infection in the donkey. According to him, the appropriate 
dose for such animals is to be determined largely ‘by surfaces’; otherwise, it should be 
ascertained by actual experiments. 

Trillat. (1936) was able to demonstrate the prophylactic action of suramin against 
T. brucei on inhalation for a short time by mice confined in a bell jar, the drug being used 
in a 10 per cent solution, at 0-75 mgm. per 25 gm. body wieght. Under such conditions, 
the infection was not only arrested but none of the mice relapsed for 1 month. 
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'tM urium, while the 

controls died in 3 days. • . . . • 

Van Hoof el al. (1940) determined the portective po wer of suramin m ^iinea-p gs 

^ d e less infective by feeding them on gumea-pigs treated with suramm. 

Van Hoof et al (1947) give their findings on the relative efficacy of the 3 commonly 
used togfnamely tryparsa^mide, tartar emetic and suramin for laboratory animals in¬ 
fected with T. brick. The curative dosage of these 3 drugs was found by them to be 0 3 
gm. per kilo., 0-05 mg. (3 injections) per kilo, and 0-05 gm. per kilo, respectively. Surfen 

was ineffective. 

II. Suramin in Animal Trypanosomiasis 

The records of treatment of animal trypanosomiasis with Suramm may be grouped 
in accordance with the form of trypanosomiasis against which the treament was applied. 

• A. In surra (T. evansi infection) 

It will be convenient to consider the records of treatment of this form of trypanoso¬ 
miasis in accordance with the species of animal in which the disease occurred. 


(a) Equine surra 

The two areas in which suramin has been extensively used in combating surra of horses 
are the Dutch East Indies with its adjacent territories and the Philippines. Work carried 
out in each of these areas is briefly described below. 

(1) In the Dutch East Indies and neighbouring territories 

In view of the high incidence of surra in the Dutch East Indies, the experience of 
workers in that country on the use of suramin in dealing with this disease assumes special 
significance. Judging from all accounts, suramin would appear to be regarded there as 
the drug of choice, both as a curative and as a preventive. It is stated by Kuneman (1935) 
that in East Java surra was detected in 124 horses, 364 buffaloes and 152 oxen, in 1934 

alone. 

In an article covering nearly 80 pages, Rodenwaldt and Douwes (1922) have embodied 
the results of an extensive series of trials carried out with suramin in the treatment of 
equine surra in the Dutch East Indies. Their experience with this drug was generally 
one of disappointment, particularly due to the fact that the toxic dose of the drug was 
found by them to be very near the curative, although previous workers had claimed that 
the ratio between the two doses was 11: 167. They describe the toxic effects of the drug 
as consisting primarily of urticaria and pododermatitis, while small doses not only either 
failed to kill the parasites or prevent relapses, but also produced cumulative intoxication. 
They further disclosed the fact that they communicated these results to the Bayer firm 
in a confidential report, but the firm refused to give credence to them. "Rodenwaldt and 
Douwes state having treated 21 horses; recovery was obtained in only 3 of these. Parti¬ 
culars of doses of the drug given to 6 unsuccessful cases were as follows: (i) Single dose of 
5 gm.; (w) single dose of 7*95 gm.; (Hi) 15 gm. in doses of 0*5 gm. every other day; (iv) 11 
gm. in doses of 1 gm. every other day, relapse and given 3*7 gm. ; ( v) 7 gm. in doses of 
L/P2I0AR—13 



0*25 gm. every other day, discontinued due to toxic symptoms, resumed after 14 days 
until a total of 15 gm. given ; (6) 1*7 gm., relapse after some days, then 1-8 gm., relapse 
again, re-treated 4 times unsuccessfully with the same dose. All 6 horses either died or were 
killed in extremis. The horses weighed 122 kilo., 373 kilo., 442 kilo., 325 kilo., 126 kilo., and 170* 
kilo, respectively. The 3 successful cases were given single dose of 5 gm., single dose 
of 5 gm. and 10 gm. in doses of 0-5 gm. every other day, the horses weighing 216 kilo., 
175 kilo, and 166 kilo, respectively. They found that a dose of 3 gm. conferred protection 
on a 85 kilo., horse for 2J months. They recognize the possibility of cure in early stages of 
the disease either by a single dose of 5 gm 5 per 200 kilo., or by a series of 0*5 gm. doses 
every other day, until a total of 10 or 15 gm. has been administered. For prophylactic use, 
they recommend a dose of 1 gm* per 150 kilo, repeated after 4 weeks. 

Baermann (1922), working in the Malay Archipelago, would appear to have been 
the earliest to test the efficacy of suramin on a large scale against surra in horses. He 
used the drug in a 10 per cent solution and found that the curative dose for guinea-pigs, 
rabits and sheep were 0-025 gm., 0*1 to 0-2 gm. and 1*5 gm. respectively. For healthy 
horses, the dose was 3 gm. per 50 kilo., limited to a total of 10 gm., for the administration 
of higher doses was likely to result in pododermatitis, oedema and other toxic symptoms. 
Horses in good condition may, according to him, be given 2-5 gm. per kilo. He deprecates, 
the use of small preliminary doses. For preventing relapses, he recommends 2 or 3 doses 
of 1 to 1*5 gm. per 50 kilo, at intervals of 25 to 35 days. According to Baermann, a suitable 
course of treatment may result in the recovery of 52 to 75 per cent of the cases. In a later 
communication, Baermann (1923) recommends for curative purposes 4 to 6 doses of 5 to 
6 gm. against natural surra in equines. 

In the annual report of the Agricultural Department, Java, for 1921, Bubberman 
(1922) expresses doubt as to the real therapeutic value of suramin. In the report 
for 1923, the drug is stated to possess some curative value only for recent cases 
of equine surra. Special mention is made by him of the toxic effects of the drug, which, 
in the case of horses, lent itself for use in doses not higher "than \ gm. per 150 to 200 kilo.,, 
on alternate days, until a total of 10 gm. was reached. A dose of 1 gm., however, proved 
effective for prophylactic purposes. The drug yielded better results in bovines. 

In an article almost as lengthy as that of Rodenwaldt and Douwes (ante), Bubberman 
Douwes and Van Bergen (1925) record their experience on the use of suramin in the treatment 
of equine surra in the Dutch East Indies. Their findings were largely in accord with those 
of the other 2 workers, the drug having been found by them to be valueless in advanced 
cases and in relapses. They experimented with 2 lines of treatment, namely, with fractional 
doses and with large doses. Their main findings were as follows. A. With fractional doses . 

(i) Suramin combined with tartar emetic, (a) \ gm. of each alternately with 1-day inter¬ 
vals; 4 horses. (6) Jgm.of each alternately with 2-day intervals; 4 horses, (c) 1 gm. of each 
alternately with 4-day intervals; 6 horses, (d) 1 gm. of each alternately with 7-day inter¬ 
vals; 8 horses. Of the 22 horses thus treated, 8—mostly advanced cases died during 
treatment, 6 were cured, 1 relapsed, 1 died of other causes, 3 died after relapse and 3 of 
nervous symptoms, apparently of surra. The recovered cases had received, except one> 
10 gnu of each drug. Of the 6 horses that died, 5 received less than 6 gm. and 1 (a large horse) 
received 10 gm. (u) Suramin combined with atoxyl given to 3 horses; of these, 1 an advanc 
case — died shortly after, 1 died of other causes and the third, which was in the early stages 
of the disease, recovered after receiving 10 gm. in 2 months. B . Treatment with large oses . 
(?) Suramin combined with atoxyl, a single dose of 3 gm. of each, with an interva o 
14 days between the two drugs; 3 early and 2 advanced cases; 1 died of intoxication, L 
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glandered and 3 cured. 3 - 

S apparently to drastic aotioui ofJ^^Ttoxication. (in) Simultaneous 

coveredTthe fourth was destroyed * . cageg cured afteI symp toms of suramin 

intravenous treatment with sm-anm and simultaneous treatment was followed 124 

intoxication. In 5 other cases 10Q k Q 0 . 2 recovered and 3 died. Bubberm an 

^ ““ dos< ” °' ,mmi ° “ J " 

.most promising line of treatment. 

B,kk„ pm. » *“*“« 

Against equine surra to be 1 gm. repea n uaprvations made by him on 321 horses. Heck 
-the disease, this statement being ase . 1 a satisfactory preventive dose, his view 

<1936) in the Dutch East Indies also gives 8 • Bakker (1925) reports having 

being based on observations on as many combination of suramin, tartar emetic 

g ” 4 “ «£ “tail-d by Bakker to 1940. h, .mpliQe. and >uppU- 

factory as a prophylactic for horses. 

Nieschulz (1931) records having cured an experimental case of equine surra by in¬ 
travenous injection of suramin at 20 mgm. per kilo., combined with intramuscular in¬ 
jection of 30 mgm. of ‘Hochst 4002’ at 30 mgm. per kilo. The drugs were administered 4 
weeks after infection and were repeated 2 days later, although the first injections had clear¬ 
ed the circulation. This treatment was also successfully applied in case of surra m a dog. 


. Kraneveld and Djaenoedin (1938, 1948) found that there was no evidence of immunity 
in horses that had been treated for surra 3 months previously with an intravenous dose of 
3 gm. of suramin in combination with a subcutaneous dose of 3 gm. of arsocoll (atoxvl). 
The same authors (1949a) infected 3 horses with T. evansi intraspinally. One, which was left 
as control, died after 9 days. The second was treated immediately after infection with sura¬ 
min and arsocoll as above, but it died on the 64th day with the trypanosomes in crebro- 
spinal fluid; they were not present in the peripheral circulation. Curiously, the third which 
was given a similar treatment on the 5th day progressed to recovery. The work of Krane¬ 
veld and Djaenoedin throws some light on the question of production of resist ant strains of 
T . evansi as a result of using subcurative doses of suramin. According to them, there is a 
possibility of production of such strains in already infected horses when, as is usually done, 
1-gm. doses of sura min are used prophylactically. They, therefore, used 3-gm. doses. Such 
resistant strains, however, are readily amenable to the action of larger doses of the drug. 
That this is so is illustrated by the following experiment. Twenty four horses, artificially 
infected with surra, were treated with 1 or more doses of 1 gm. of suramin. They were 
then given curative doses of 3gm. of suramin combined with 3 gm. of arsocoll.; 4 only out 
of these relapsed, but they recovered after a second dose. According to Huber (1940), there 
is evidence that T . evansi in the Dutch East Indies is liable to become drug-fast. 
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(2) In the Philippine Islands 

Yutuc (1934,1936, 1941) made extensive studies on the value of suramin in the treat¬ 
ment of equine surra in the Philippines. The results of these studies are embodied in a series of 
3 articles covering nearly 58 pages and they may be considered in some detail. In the first 
papei of the series, he (1934) states having used the drug at a dose of 10 mgm.per kilo, in 10 
per cent solution. A total of 3 doses at 4-day intervals were used. The treatment yielded cure in 
6 out of 10 natural cases and also in 3 horses artificially infected with the disease, A noteworthy 
observation recorded by him was that, when animals were experimentally infected, the try¬ 
panosomes appeared in the cerebrospinal fluid after a period of 6 to 22 days. The smaller 
number illustrates the speed with which surra progresses in the equine species. In 
his second paper of this series, Yutuc (1936) describes experiments in which 10 horses, arti¬ 
ficially infected with T. eoansi , were treated unsuccessfully by the intravenous-intrathecal 
method (Edwards, 1928) when the parasites had appeared in the cerebrospinal fluid. Three 
of these horses were then given repeated intravenous injections, simultaneously, of ethar- 
senol (^-3-hydroxy-ethylamine phenyl arsenic acid) and suramin, in doses of 1*77 to 2*24 
gm. and 0*59 to 1-49 gm. respectively. All the 3 animals recovered and were in good condi¬ 
tion when seen 1 to 2 years later. In his third paper of the series, Yutuc gives an account of 
a large series of experiments which were undertaken by him for reasons stated by him to be 
as follows: ‘In view of the conflicting findings reported by various investigators on the merit 
of the combined treatment—that is, naganol with atoxyl on one hand, and naganol and tartar 
emetic on the other, an attempt was made to determine the value of each combination in 
non-lethal but slightly toxic doses’. Yutuc’s findings were as follows: 

(i) With simultaneous injections of suramin and atoxyl. Seven horses were treated and 
all died, these results being at variance with those recorded by Bubberman, Douwes and 
Van Bergen (ante) in the Dutch East Indies. Yutuc considers it possible that this is 
attributable to a difference in virulence of the strains. Nevertheless, Yutuc describes 
treatment with this combination as ‘little good’. 

(u) With simultaneous injections of suramin and sodium antimony tartrate. Six experi¬ 
mentally infected animals were treated and 2 recovered; 3 of the others died of drug intoxi¬ 
cation and 1 died shortly after the tartrate injection and this, according to him, lends sup¬ 
port to the view advanced by Edwards (1926) that tartar emetic is contra-indicated in 
massive infections, for the capillaries are likely to be occluded by the suddenly killed try¬ 
panosomes. The combination was also tested on 3 natural cases and recovery was obtained 
only in 1. Of the 2 animals that did not recover, 1 failed to do so ‘principally due to the 
comparatively small doses of the drug’, while the other succumbed ‘to a complicating 
double pneumonia’. Yutuc later used the suramin-emetic combination in the treatment of 
natural surra in equines in 2 different districts in British North Borneo and the results 
were as follows: District 1. Ten horses treated and 2 reported alive after over a year 
District 2. Ninety horses treated and 61 alive after over a year. Yutuc sug¬ 
gests that the disparity in results obtained in the 2 districts might be due to the fact that 
in District 1 the doses of suramin and tartar emetic were 2 gm. and 1 • 3 gm., while in District 
2 the doses were 3 gm. and 1-5 gm. respectively. The disparity, according to him, might 
also be due to the fact that, as the disease was first observed in District 1, ‘it is not unlikely 
that most of the surra-treated animals were in a more advanced stage than those of th& 
other district’. In his review of the work carried out in the Philippines and British North 
Borneo, Yutuc (1940) enumerates a number of drugs tested by him in the treatment of 
suira and he states that suramin combinations were found by him to be the best, 

particularly as prophylactic. 



93 


rn • n oqs> in the Philippines also found a course of alteAate injections of suramin 
Topacio (1938) in the rmuppme tTpatme nt of both artificial and natural surra m 

and tartar emetic fairly satirfactory in intervals, of—(1) 40 c.c. fouadin 

equines. The course consisteddisulphonate) subcutaneously and 

2 gm. suramin; (2) 1 gm. tarteremetic, an dUrtar let^werc administered intra¬ 

suramin; (6) 1 gm. tertar e “® fro 300 t0 500 lb. Topacio records having obtained 6 re- 

venously. T t he f and 44 out of 50 natural cases by adopting this schedule 

covenes out of 11 artificaUymferted and ^ 2f) to 3Q c . c . of a 10 per cent 

slSfofsura^ foUowed, at an interval of 24 hours, by 50 c. c. of a 2 per cent solution 
of tartar emetic. 

D , * at. .~>v,d .n e&ctiv,iT,° q “r. 1 .™ h 14 

^“SSS^n.»tiSSrn“fd™ g .«lgm. per 200 ,b’body weight i» 
“ .queom .elution, this being followed a w«k tow'by the mtr.venou, mject.on 
at 3 to 4-day intervals, of tartar emetic at 0-5 gm. per 400 lb body weight in a 2 per cent 
normal saline solution. The entire course occupies about 5 to 7 weeks According to them, 
the function of suramin is possibly to sensitize the parasites to phagocytosis and also make 
them more susceptible to the action of tartar emetic, which, being maintained at a low 
trypanocidal strength, does not produce the toxic symptoms usually associated with this 

drug. 

In India Edwards (1926) was the earliest to test the value of suramm in the treatment of 
experimental surra in equines. The important conclusion that emerged from the results 

of the use of suramin by Edwards was that, when it was used at 7-5 gm. per 1000 lh. body 
weight it conferred protection on horses for 22 days, but it failed to protect for 2 months when 
used in doses of 10 gm. per 1000 lb. body weight. In order to deal with trypanosomes that had 
lodged themselves in the cerebrospinal fluid and were, therefore, potentially responsible for 
causing relapses, Edwards devised the system of combined intravenous-intrathecal medication 

to which a reference has been made earlier. It is, however, worthy of note that in some 

instances horses artificially infected with surra parasites by the intrathecal route were cured 
when suramin was given intravenously. A suitable curative dose for intravenous injection 
was found by him to be 5 gm. per 1000 lb. body weight in a 10 per cent aqueous solution. 
According to Edwards, the relatively heavy molecules of suramin constitutes a highly de¬ 
sirable property of the drug, for it is due to these heavy molecules that the drug is slowly 
excreted and, therefore, retained for a relatively long time in the circulating blood in try¬ 
panocidal concentration. The combined intravenous-intrathecal treatment, although 
effective, proved impracticable under field conditions, and it was later found that a single 
intravenous injection of 5 to 8 gm. of the drug per 1000 lb. body weight was generally effec¬ 
tive in the treatment of equine surra (Sen, 1933). 


Since the introduction of suramin by Edwards in the treatment of surra in this country, 
the drug has been used in different States of India as a routine measure for combating both 
equine and bovine trypanosomiasis. For example, Farbrother, Director of Veterinary Ser¬ 
vices, Bombay, writing in one of his annual reports of his experience in Bombay State and 
Sind, mentions having obtained recovery in a large proportion of the 62 cases of surra dealt 
with by his department during the year 1934-35. Gopalkrishnan (1942) in Assam records 
having treated, without a single relapse, 300 cases of surra in ponies, during the period of 
1935-39, with suramin given intravenously in 2 injections. The first dose was 50 ml. of a 
4 per cent solution and the second 50 ml. of a 6 per cent solution given after an interval of 



6 days. Kulkarm (1946), working in Baroda State in India, states that in dealing with equine 
surra he used suramin in 2 injections of 5-0 gm. each per 1000 lb. body weight, at intervals 

j b . we . eks * He claims to have obtained recoveries in 132 out of 165 horses and to have 
tailed only in 1 out of 61 horses treated prophylactically. 

Suramin also appears to be the drug used in the routine treatment of equine surra in 

several other countries. The salient features of the records of work in these countries are 
indicated below. 


Broudin (1927) claims considerable success in dealing with equine surra in Indo-China, 
by the use of a combination of suramin and sulfursenol. He obtained recovery in the case of: 
(o) An Ilnglish throughbred by subjecting it to a course of treatment as follows! 
o j 6 *914*, & g m * suramin and 7*5 gm. suramin, at intervals of 

7 l\<r aiK * 7 wee . res P e pti vely. The animal, however, died from undetermined causes. 
(6) Natural surra in a stallion by treating it with 2 gm. each of sulfursenol and suramin, 
(c) Natural surra in 5 horses, weighing 100 to 250 kilo., by treating them with 2 gm. sulfur¬ 
senol and 3 gm. suramin, (d) An experimentally infected horse by treating it with 1 gm. 
sulfursenol and 1*5 gm. suramin, (e) 5 experimentally infected horses by treating them with 
2 gm. sulfursenol and 3 gm. suramin. He also reports having cured 3 experimental cases of 
canine surra with 8 cgm. sulfursenol and 12 cgm. suramin. Similar results are reported by 
Broudin et al. (1928), who refer to the use of the mixture as Ta technique de choix’ in the 
treatment of experimental surra in equines. 

Yakimoff et al. (1929) claim to have cured a case of equine surra with sura min at a dose 

of 0*0125 gm. per kilo, in a 25 per cent aqueous solution. Cheviet etal. (1937) in Syria 

report having successfully treated cases of equine surra with suramin administered at 
0*01 gm. per kilo. 

Jacotot (1936), from his experience in Indo-China, favours the use of a succession of 
small doses in the treatment of equine surra. According to him, even a dose of 0*75 gm. 
of suramin is sufficient to cure horses that have been recently infected. As a 
routine treatment, he recommends an initial dose of 1 to 2 gm. suramin, followed by doses of 
2 gm., 2 or 3 times at intervals of 1 week. He found that weekly doses of 2 • 5 gm. of sura¬ 
min protected animals for 5 months. 

Lionnet (1941) in Mauritius states that he used suramin successfully in the treatment 
of equine, surra, while soamin, and tartar emetic respectively were used by him for the 
treatment of surra and T. vivax infection in bovines. 

In view of thejgenerally favourable reports from differnt countries concerning the value 
of suramin in the treatment of equine surra, it is somewhat remarkable that Granouillet 
and Do-Van-Vien (1938) in Cochin China found the drug altogether ineffective against 
trypanosomiasis (apparently surra) in all the three common species of domestic animals, 
namely, horses, cattle and dogs. 

Equines being particularly vulnerable to T. evansi infection, it is of the utmost im¬ 
portance that treatment with suramin in these animals should be applied in the earliest 
possible stages of the disease. Zijp (1929) considers that in equine surra suramin is only 
effective when it is used in the initial stages. 

It was occasionally noticed by the compiler of the present monograph that the use of 
antrypol—one of the well known equivalents of suramin—in the treatment of experimental 
surra in equines resulted in the production of toxic sympto ms which manifested themselves 





inter alia in the form at oeoem»-^Jezmings and Jones (1948), who state tba« 
This would also appear t b J? TT « an a Chinese army horses and mules in Burma 

they used -^£2^2 M toxic Effects Samples of the drug 

i^ after they had shown symptoms of intoxication. 
m extrem records of the use of suramin in the treat- 

Eeference may also be made terei » infection) 0 f horses. Clark e< al. (1933)* 

men t of the disease known a8^^ ^ ination of suramin and tartar emetic in the 
record a recovery of 31 P p They found that ‘trypanamide did not kill the 

treatment of this disease ' treatm ent in a horse and a mule’. Eakins (1935) 

infection even over a long mur rina by 3 weekly intravenous injections of a 

obtained as many as 80 P« c ^curesm mum ^ y ^ ^ ^ ^ do8age injectcd 

iieSrolX.c for a an animal weighing 100 lb. to 20. c.c. for an animal of 6C0 lb. or over. 

A record of the treatment ^ toSttn 

sasaxasrs t.x r® 5 “ d 2 em " 01 ■ 31,181 “ - 

interval of 24 hours but the disease progressed to a fatal issue. 

(b) Surra of cattle 

1 . T J „ rp typnprallv recarded as innocuous for the bovine species 

Although in Indi . | narasite assumes the status of a virulent variant for 

occasionally of viru i e P nce is illustrated by a series of failures reported by 

Mahlian 0934) in obteiring recoveries in a severe form of bovine surra in which the affected 
Maiajan (l^jin “fe hourg of onset 0 f the infection. As trypanosomes were not 

‘r^Hn the circulating blood of these animals, it is possible that death was due to what is 

r w ^own as ‘ cr ypt1c’ forms of the parasites. Mahajan had presumably to deal with 
“ unSX vUslain of T. evansi, for Iyer and Sarwar (1935), working at Karnal in 
the Puniab claim to have usually obtained recoveries in cattle, including buffaloes, by the 
intravenous in^ion of 1 to 1 • 5 gm. of the drug. Sen (1936) in India found the drug effec¬ 
tive in experimental cases of bovine surra; he used a dosage of 5 gm. per 1000 lb. body 
weight. As remarked by Sarwar (1937), suramin, in view of its high cost is hardly suitable 
for use in the treatment of cattle in India. Mahajan himself (1939) found suramin satjsfac- 
tory in the initial stage of bovine surra, but not when the disease had advanced. He was, 
however more successful with suramin in the treatment of equine surra, for he obtained re¬ 
covery in 21 out of 28 equines by the intravenous injection of 50 c.c. of a 10 per cent solu¬ 
tion per 100 (sic) lb. body weight. Mudaliar and Ray (1947) found that m the treatment of 
bovine surra in India tartar emetic could be used as successfully as suramin, provided the 

infection was not massive. 

Douwes (1923) in the Dutch East Indies formed a favourable view concerning the effi¬ 
cacy of suramin for surra of ruminants, for he obtained cure in 7 out of 11 infected buffaloes 
treated with single injections of 3 to 5 gm. of the drug in a 5 per cent solution. He also 
records having cured 3 Bengal oxen affected with surra. 

♦These workers regard, on the authority'of Darling, murrina as indentical with both T. hippicum : infection 
and derrengadera. On the authority of Wenyon, they state T. hippicum and T. venezuelense to be races. 

of T. tv ansi. 
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• re 1 c0r 5 ofwo J k ^.med out by Lagas (1926) in the control of bovine surra in Sumatra 

is ot special interest, for his work was confined to the disease as it affected buffaloes only. 

V b ® tr f ted , ‘prophylactically’ 811 buffaloes, of which 64 were carriers but 
ndl j ,0 * l » 94 showed marked clinical symptoms only and 42 showed both clinical 

symptoms and trypanosomes in the blood. The results of treatment with suramin 
carried out by bim~-so far as it can be gathered from a summarized report of bis work 
« s ^°hows: Forty-nine of the buffaloes died from various causes, 9 continued to 
. 0W ,, e P arasite s m blood, but 8 of these recovered after a second dose of 2 to 4 gn).; 

e o hers appear to have effected a recovery after a single dose of the drug. Lagas* 
recommends a dose of 3 gm. of suramin for the treatment of surra in buffaloes. * 


Kasai and Akazawa (1927) found that a dose of 1 gm. of suramin per 100 kilo, protected 

Formosan water buffalo calves against surra for 4 months and 2 gm. per kilo, protected 

orses for 3£ months. Kazanskii (1939) recommends suramin as a prophylactic against 
surra in horses, cows, asses and dogs. 


Jacotot and Nguyen-Dinh-Lam (1935) claim to have cured 3 severe cases of bovine 
surra, one treated with suramin combined with sulfursenol and serum from an experimental¬ 
ly infected calf, the second with suramin combined with sulfursenol and the third with sura¬ 
min only. Suramin was given intramuscularly in 'an initial dose of 3 gm., being followed 
after a week s interval, with doses of 1 *8 gm. given at intervals of 3 days.’ These workers 
thus used more than 1 dose of.suramin, but it has not been possible to ascertain exact parti¬ 
culars, the article having been seen only in abstract. 

In very recent infections of bovines with natural surra, even a subcutaneous dose of 2 
gm. suramin in 20c.c. water would appear to be effective, as shown by Jauffret (1939) in 
Indo-China. For equine surra he recommends a dose of 1 • 5 to 2 gm. per 150 kilo., to be 
repeated after an interval of 8 days. 

Richters (1943) recommends the use of suramin dissolved in antimosan for the treat¬ 
ment of all forms of trypanosomiasis in valuable animals, while for large-scale treatment of 
bovine surra, he advocates weekly injections of tartar emetic in doses not exceeding 0*5 

gm. He suggests, for prophylaxis, suramin injection every 4 weeks, although he refers to 
statements having been made by certain workers that german in (the brand of Suramin 
for human use) confers protection on man for 2 to 3 months. 


(c) Surra of camels 

Suramin has proved almost a specific in the treatment of surra of camels, particularly 
in Sudan and Northern India, where these animals are commonly used as beasts of 
burden. There are also a few records of the drug having been used with notable success in 
combating camel surra in Russian Turkestan and in Syria, as will be seen from what follows. 

Herzog and Lavier (1923) would appear to have been the earliest to test the efficacy 
of suramin in a dromedary naturally infected with ‘detab’. A dose of 4 gm. of the drug in a 
10 per cent solution cured the animal. 

Ilowaisky and Zeiss (1923) tested suramin for its efficacy against ( su-auru* in 2 camels. 
Ad intravenous injection of 3 gm. cured one animal, but in the other relapse occurred after 
1 month and a second dose of 3 gm. had to be given to effect a cure. 



having used suramin successfully in the Ural region 
SSJ^:ts^a h gS oT53 camels. They used the drug m a dose of 5 to 
lO E m T^eofthesfaniiuala contracted surra during a post-treatment observation period of 

* months Seven of a group of 38 controls continued to show trypanosomes. Yakimoff c* ol. 
d montns. oev ^ F ...._j_ An** a^amst. camel surra. The dura- 
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von drei Monaten vorgenommen’). Yakimoff himself (1927) states that 
, c0 of a 15 per cent solution of suramin conferred protection on camels for 3 months. 

"For the treatment of ‘su-auru’ to which a reference has been ^eearher, Emehn 
,(1928) and Zeiss (1928) consider suramin as the best and they recommend d 
6 cm while 5 to 10 gm. is considered by them as a suitable prophylatic dose. Zeiss ( 937) 
himself used suramin with success in the treatment of camel surra. He recommends the 
employment of the drug in doses ranging from 4 to 10 gm., intravenously. 

Morcos (1931) lays down the following routine treatment for camel surra: 3 an 

gm. respectively by the intravenous route at an interval of a week followed by an her 
dose of 4 gm. 

Suramin has proved consistently satisfactory in the treatment of camel trypanoso¬ 
miasis in Sudan. Knowles (1925) records having used it successfully m every one of a 

group of 6 camels infected with T. soudanense. Two of these were treated each with 3 doses 
of 6 cm., 1 with 8-gm. doses and 3 with a single dose of 10 gm. He writes: One dose of 
10 grammes of Bayer 205 appears to be an efficient dose for the cure of trypanosomiasis 
of camel.’ Knowles (19276) also records having used suramin successfully at a dose ot 10 
gm. in 10 per cent solution in the treatment of 60 cases of camel trypanosomiasis. He 
tested the efficacy of the combination of suramin and tartar emetic in the treatment ot 1^ 
others and was successful in 11, the remaining one having died of another infection. In 
combined treatment, he recommends the use of suramin first when the animal concerned 
shows massive infection, for otherwise intoxication may result. According to him, the ad¬ 
vantage of the use of a combination of the two drugs consists in the reduced cost. In 
his report of the Veterinary Department, Sudan, for 1927, Bennett (1928) mentions having 
found a dose of 10 gm. of suramin as a cure in 100 per cent cases of surra in camels. He 
expresses doubt as to the value of this ditog as a prophylactic. Bennett (1933) states that 
he initially used a dose of 10 gm. but later found a dose of 4 gm. equally effective. He 
(1934) records having had only 2 failures in treating as many as 4,200 camels with the dose 
of 4 gm. during a period of 3 years. In another report, Bennett (19336) claims that not 
a single relapse occurred in nearly 1,000 cases of camel trypanosomiasis treated with 4 
gm. of suramin each. In a much later report, however, he (1936c) recommends a dose of 
5 gm. According to him, the administration of the drug is followed by an immunity for 2 
months. 

# 

Kennedy (1933), also working in Sudan, states that, since the adoption of routine treat¬ 
ment of camel surra with the single 4-gm. dose of suramin, the losses in camels from all 
causes have been reduced from 41 to less than 8 per cent. 

Soulie et al. (1936), referring to camel trypanosomiasis (apparently T. evansi infec¬ 
tion) in Syria, records having used suramin successfully at a dose of 0-01 gm. per kilo 
when it was combined with trypoxyl at 0*01 gm. per kilo., tartar emetic ac 0-r04 gm. 
per kilo, and anthiomaline at 0-003 gm. per kilo. It is of interest that Pigoury and Ber¬ 
nard (1938), also working in Syria, likewise found it more effective to combine 3 gm* 

suramin with 3 gm. trypoxyl orlgm. anthiomaline in the treatment of camel trypanoso¬ 
miasis, 

6/P2ICAB —14 
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Alongi and Balboni (1935), working in Tripoli, however, report suramin having been 
found valueless as a prophylactic against camel surra. Of other unfavourable reports 
about the drug, mention may be made of one by Evans (1946), who states that the form 
of suramin known as antrypol proved ineffective in several cases of camel trypanosomiasis 
in Sudan. 

Another record of failure of suramin in controlling camel surra is that 
of Receveur (1938), who found the intravenous injection of suramin in doses of 6 to 
7 gm. ineffective in this disease—apparently T. evansi infection— in the neighbourhood 
of Lake Chad (near Sudan). 

In India, Williams (1930) claims to have used a dose of 4 gm. suramin successfully 
in the treatment of camel surra. Taylor (1934) in the Punjab records what would appear 
to be remarkably good results from the use of a combination of suramin and tartar emetic 
in the treatment of trypanosomiasis of both horses and camels. He shares with Knowles 
{ante) the vi„w that the main advantage of such combination is to reduce the cost which 
the use of suramin alone would otherwise entail. Taylor used both drugs intravenously 
at intervals of 4 to 5 days, the actual schedule of treatment being in the following order: 
first injection of 1 par cent suramin, 2 injections of tartar emetic of 1 per cent and 1-5 
per cent respectively, 1-5 per cent suramin, 2 injections of tartar emetic of 2 per cent 
and 2 5 per cent respectively, 1 injection of 2 per cent suramin; the dosage of drugs used 
for all injections was 100 c.c. Taylor obtained nearly 88 per cent recoveries 
amongst 5,692 horses and nearly 87 per cent recoveries amongst 2,135 camels 
in 5 years by adopting the schedule described above. He, however, considers that a single 
injection of suramin would have given equally goed results as found by Bennett in 
Sudan, but that along course ensures some rest for the camels and this, accoi ding to 
him, is highly beneficial for the animals. 

Judging from the records of observations in India and the Sudan over a number of years, 
it may be concluded that suramin has proved to be a most valuable drug for camel 
trypanosomiasis. The extent to which the drug has gained in popularity is illustrated by 
the fact that, during 1935 alone, some 10,000 cases cf camel trypanosomir 6 : s were treated 
with this drug in Sudan (Williams, 1936). To the records quoted above of the success¬ 
ful use of suramin in the treatment of camel surra, may be added one by Tremlctt (H44), 
who appeals to have used it with success in combating this disease in British Military 
Administration in Italian Somaliland. 

(d) Surra of dogs ' 

There are on record very few instances of suramin having been employed in the treat 
ment of surra in degs. Blanchard, Broudin and Borel (1927) mention the instance of a surra 
(T. anwermcnsej-infected dog treated by them, with what would appear to be complete 
success, with a dose of 0-5 cgm. of suramin dissolved in 5 c.c. of water. The animal, 
however, developed transient nervous synq toms and was destroyed by its owner without 
any examination having been made. 

The intramuscular injection of suramin dissolved in neo-trepol suspended in isotonic 
water was found by Jacotot (1929) effective in the treatment of surra, neo-trepol being a 
metalloid bismuth precipitated frcm tartro-bkmuthate of sodium and potassium. Reco¬ 
very was obtaim d by him in 2 dogs injected with 12 cgm. and 6 cgm. suramin in 0*8 c.c. and 
j0 • 8 c.c. neo-trepol per 5 and 8 kilo., body weight respectively. Jacotot also obtained cure m 
2 horses injected with 1 *5 gm. and 0*75 gm. suramin in 10 and 5 c.c. neo-trepol respec- 
ively and in 2 buffaloes injected with 1 - 5 gm. suramin in 10 c.c. neo-trepol. The advan¬ 
tages of neo-trepol are not clear and a large number of workers have reported successfu 
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• LVniUTi YTTifh t.jvrfcar emetic in tlie treatment of canine 
results with suramin alone orm com alone was found generally effective by Van 

*raxa. The " U*JS) ’itmly be mentioned here that Launoy (1933) found that suram.n, 
at* dose of 4 cgm- per Into, protected ificial 8 T . m infection in dogs 

JJ“, Ehow Jr, ito imp«!»oe of w— well bof.ro <*•*- 

cocement’) the animal is much anaemic and cachat.s6 . * 

. • rrim. (T simae infliction), it was found by Lloverol 
In regard .to £W^™ nehGoin J S be' resistant not only to suramin, but also to 
and Philippe ( 19 «) emet i c . On the other hand, Kraneveld and Mansjoer 

atoxyl, tryp srsamide an 3 cases of porcine surra by the intravenous in- 
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lively. 

B. In - nagana (mainly T. congolense, T. vivax and T. brucei infections) 

Tn 1922 that is soon after the introduction of suramin in the field of chemotherapy 

m Fischer (1924) published a series of important expnmental observations on the 

Klem and J iscner { )V Arv of the drug for both man and animals. The results of 

therapeutic and prophy of view are summarized here, the species of trypanosomi 

interest from the veterinary-point of vi ware ima fioumar .infected small 

oono^od » «oh^» am infected when 

SSSfta - a W; (3) small o, 

■ Ja lA nem druv between 14-25. Ill; found negative for parasites up to the time of 
SS’ f4)Calfidofed with 5 gm. drug; resisted infection when tested by being subjected 
uuVJ rLdna 14 days later. The same calf was dosed with 2 gm. subcutaneously on 
11 IlTand again on 12. Ill; infected when subjected to bites of 'Glossiim from 12-19. IV; 
ini Ox dosed with 10 gm. between 12-22. Ill; not infected when subjected to bites of 
Gh^sina from 22.11140 2-IV. The gradual separation (‘allmahlich Auscheidung ) of 
suramin from the blood is referred to by these workers as its special advantage. In a manus¬ 
cript report submitted by Klein to the British Colomal Office, he expressed dissatisfaction 
from the use of suramin prophylactically in cattle In a communication published by him 

in 1931 Kleinedeolaied suramin valueless in T. rhodesiense infection in cattle. Mayer (1922), 
however, cored T. rhodesiense infection in 2 goats by administering the drug by the oral 
route the total quantity of drug used in each case would appear to have been unusually 
large, being about 50 gm. in 1 case spread over about 9 days and 20 gm. in the other. 

The results obtained by Berg (1925) in the curative and prophylactic treatment of 
nagana in cattle with suramin appeal to have been far from satisfactory, in spite of the 
fact that the doses used by him were heavy. All of a batch of 12 oxen weighing from 225 to 
230 kilo, died when they were kept in a fly area for 17 to 31 days after being dosed wi h a 
total of 10 to 52 gm. of the drug. Twelve further animals were dosed with 10 to 30 gm .! and 
5 days later were exposed in a fly belt; after another 6 and 10 days they received 10 to 
30 gm. and 2 to 3 gm. (twice) of the drug respectively. Eight of the 12 animals died of 
toxic effects, 1 survived but became infected and the remaining 3 resisted infection, so that, 
according to’ Berg, the therapeutic dose of suramin was near the toxic. In another experi¬ 
ment, he dosed intravenously 16 animals with suramin alone, 3 with tartar emetic alone 



and 13 with a mixture of the 2 drugs, while 16 animals were left as controls. The 2 drugs 
were used in doses of 2-5 to 10 gm. and 1-5 gm., respectively. All the 48 animals were then 
kepb exposed m a fly belt during December to May and the treatment was repeated every 
fortnight during this period. About 6 of the 19 animals treated with single drugs and 
9 of the 13 treated with both drugs escaped infection. All the 16 controls became infected. 
Collier (l£2o) has discussed the rationale of the apparent greater efficacy of a combination 
of suramin and tartar emetic than that of either drug used alone, but a consideration of 
those theoretical implications would be outside the scope of the present monograph. 

Hornby and Burns (1926) tested the possibility of keeping a group of 10 cattle free 
from in fee ion in fly belts by injecting them fortnightly, according to Berg’s method, with 
a combination of suramin and tartar emetic. Three of them died within 7 months, 1 reached 
an advanced stage of the disease, the remaining 6, although not sterilized, were in working, 
condition. He a’so gave 10 others fortnightly injections of 1 gm. of tartar emetic alone. 
Two of these died within 7 months, the others continued to remain infected but were 
workable. Hornby (1938 b) found T. brucei infection in cattle particularly amenable to 
treatment with some of the well-known trypanocidal drugs, such ai suramin, ‘314* and 
Surfen C. 

The results obtained by Van Saceghem (19246, c) from the use of suramin, in the treat¬ 
ment of various forms of animal trypanosomiasis were far from satisfactory. He found that 
15 gm. of suramin per 100 kilo, body weight was fatal for cattle. The drug also proved value¬ 
less against T. vivax infection in doses of 5 gm. per 100 kilo. He found it of little or no value 
against equine surra, doubtfully effective against dourine and mal de caderas, while in T, 
congolense infection it sterilized the circulation for 4 weeks only. In another paper, Van Sace¬ 
ghem (1925c) reports having obtained only a weeks sterilization in 4 cattle infected with T. 
cazalboui and T, congolense when the drug was administered at about 2*4 gm. per kilo. He 
(1925 d) further observed that a dose of 5 gm. per 100 kilo, did not prevent simultaneous 
infection or when the animal was subjected to test inoculation 15 days later. 

In the treatment of T . congolense infection of cattle, Van den Branden (t926i) obtained 
results which were very different from those recorded by Van Saceghem (ante), for he found 
that native cattle could be rid of this infection when they were treated with 3 dos?s of the 
drug, each of 1 - 5 to 2 gm., at intervals of 2 or 3 days. The drug was,diowever, fouid by him 
to be ineffective against T. dimorphon . 

Van der Elst, Noekermar and Missal (1929) found that the only sue ;essful treatment 
for T. dimorphon infection in oattle was a combination of suramin and tartar eme ic (c/. 
Collier, 1926, ante). They record having failed to cure an animal with tartar emetic, suramin, 
tryparsamide or tartar emetic combined with trypoxyl and another animal wish tartar 
emetic combined with tryparsamide, tartar emetic combined with suramin or with suramin 
alone. Recovery was obtained in both animals when they were treated with 3 1-gm. doses of 
emetic and 2'5-gm. doses of suramin (Poulene), the tw<5 drugs having been used on alternate 
days. They carried out in all 22 experiments and the form of suramin used by them was 
moranyl, which these workers evidently regard as being therapeutically different from Bayer 
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Sic6 and Malbrant (1929) attempted to protect a batch of 12 oxen with suramin during 
their journey to a fly belt over a period which would appear to have been 1 month. Eight 
oxen were kept as controls. The drug was used subcutaneously at a dose of 3 to 5 gm. 
according to size. Some casualties occurred on the way when the animals became infected 
and were treated. Fourteen animals reached destination, and of these, 3 had recieved 1 and 4 
had received 2 injections; 7 were kept as controls. No fresh infection occurred in the first 
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C. In dourine (T. equiperdum infection) 

Pfeiler would appear to have been one of the earliest to test suramin in natural dourine. 
He treated some 116 cases and was unsuccessful in a large proportion of them ('in einer 
Anzahl von Fallen’). He (1922a) tested the value of suramin as a prophylactic against 
dourine by injecting intravenously 2 gm. of the drug into a stallion; it proved resistant when 
infected with T. equiperduyn 2 days later, but the animal showed symptoms of wasting and 
swelling of the testicles, indicating that no real protection was conferred on the animal. He 
advises the injection of a dose of 3 gm. of the drug during the covering season, followed, 
8 days later, by another 3 gm. and a further dose of 3 gm. 4 to 6 weeks later. Pfeiler (1922 b ) 
discusses the reasons of apparent failure of suramin in some horses naturally infected with 

dourine. 





Pataki (1923), in treating natural cases of dourine, observed that 0*01 gm. per kilo was 

S 1V \ b if in ^ mination the coronets (‘akute Pododermatitis 

meist auf alien Extremitaten harvorgerufen ) and neurosis of the skin. 

Balozet, Lavier and Velu (1923) record having cured a case of dourine by the intra¬ 
venous injection of 1 gm., 4 gm., and 2 gm. of suramin on the first, second and fourth days 
respectively. The animal had proved resistant to 28 gm. of atoxyl given in 6 intravenous 


According toJRuppert (1923), failure to cure dourine with suramin is generally due to 

incorrect dosage. That the drug possesses a real protective value against dourine is shown by 

the fact that he found that a dose of 0-4 gm. of the drug per kilo, protected rabbits for 6 
months against T. equiperdum. 


Velu, Barotte and Lavier (1925) treated 6 natural cases of dourine, each with a total of 

< ^°^ | es °* ® an ^ ^ gm. at 24-hour interval; 3 showed toxic symptoms and 1 
died; 2 effected a doubtful recovery and 1 was cured. According to Barotte (1926), suramin 
is not superior to combined emetic and atoxyl in dourine; he considers the use of this 
combination to be the ‘traitement classique*. 


% donkey stallions, Cordier and Menager (1933) found that suramin was not only 

ineffective as a prophylactic against dourine, an intravenous injection of the drug at 2 to 5 
gm. per 300-350 kilo, was followed by oedema, skin eruptions and other toxic symptoms. 
In a later paper, Cordier et al. (1934), although stating that suramin possesses doubtful 
therapeutic value for dourine, recommend its use as a prophylactic in this condition. 


Velu and Zottner (1934, 1935a, b) recommend a subcutaneous injection of suramin at 
about 0*0035 gm. per kilo, every 10 days as a preventive against dourine. They found 
suramin sometimes causing grave accidents to particularly sensitive animals. They refer 
to the use of suramin as ‘attractive’ but they counsel improvement in the technique of using 
it (‘si le principe de la methode est s6duisant, le technique a encore besoin de etre 
amelioree’). The same workers, in collaboration with Morod (1934), had earlier concluded 
that, for prophylaxis against dourine, suramin should be used in small repeated doses. 
Balozet (1945) apparently accepts Velu and Zottner’s view concerning the use of suramin 
in 1-gm. doses every 10 days as a prophylactic against dourine. He found its prophylactic 
use successful in horses kept in stables but open to infection. According to him, it is possible 
to obtain a complete recovery (‘gu6rison totale, definitive*) either with suramin or Ciuca*s 
method of treating with novarsenobenzol. Eyraud (1934) also found suramin to be a satis¬ 
factory prophylactic in a dose of 0 • 006 gm. per kilo. When used in this dosage, it conferred 
protection on stallions against dourine for 15 days. 

Velu, Zottner and Belle (1938) repudiate the objections advanced by Cordier and 
Menager (ante) that suramin is liable to cause untoward symptoms in horses pTophylacti- 
cally treated with this drug against dourine. They observed that no such untoward symp¬ 
toms were produced in Moorish donkeys even when 36 injections of the drug were given to 
them at 10-day intervals. 

Suramin has enjoyed widespread popularity in Europe and other countries where it 
has been regarded almost as a specific for dourine. Thus, Carpano (1939) in Albania found 
both atoxyl and suramin satisfactory for prophylaxis against the disease. Good results 
(‘ganz gunstige Heilungziffer’) are also reported by Endrejat (1939) in the treatment of 
dourine with suramin in Iran. Of a total of 13 cases treated by him, he obtained recoveries 
in as many as 11. He used a total of 11 gm. intravenously for each animal, the initial dose 
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the disease in doubtful cases. 

D. Zn mal de coderos (T. equinum w/«*io») 

• t—jIq flip extent to winch, this 

Although mal de caderas is aot known to '^ur > veterinary workers in this 
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OTn given at intervals of about 1 week, basis 0 f observations on 107 hoTses. 

Cteukf (1922a,6) also make a similar stoteme and found that a dose of 2 
They (1922a) treated 219 toraes prop y ® £ n of 70 c . c . 0 f a 10 per cent solution of 

gm. conferred protection for6 d y. ] lted in the production of toxic symptoms 

the drug to 2 horses weighing 250 to 300 kilo, resm^ ^ and> later , by eczema 

characterized by swelling of Jk e > P other hand 2 horses that weighed 150 to 200 kilo., 
round the anus and other parts On pother ^ Migone (192 2) gives the 

and received 20 c.c. of the solution, s , ag 2 gm. He reports having obtained 

prophylactic dose of suramin against mal de^d bod “eight of a 40 per cent solution 
complete sterilization in horses with 1 c.c. per KUO. oouy 6 

of the drug combined with urotropine. . 

Schmidt and De Oliviera (1924) record having cured all batch of 40 small ammals 
bv suramin while cured dogs proved refractory to infection up to 114 days, they consider 
79 gm , given in 3 doses at weekly intervals, as sufficient for curative purposes. 
himself (1924) has brought forward evidence to show that the use of small doses of the drag 
in the treatment of mal de caderas does not result in the production of drag-fast strains 
He used doses of 0 • 3 gm. up to a total of 2 • 5 to 3 gm. and this stenhzed the circulation for 

10 days. A complete cure was effected after a single dose of 0 ■ 5 gm. 

In the case of derrengadera (T. venezuekme infection, which is considered synonymous 
with mal de caderas), Tejera (1924) found that 2 doses of 3 gm. of suramin given at 10-day 
interval was effective, but not a single dose of 4 gm. He recommends a dose of 4 gm. repeated 
every 6 weeks for prophylactic use against the disease. On the other hand, Morgan ( 9 ) 
states that suramin has no curative effect for the disease, although it is capable of prolonging 
the life of the affected animal. He, however, records having successfully prevented animals 
from contracting the infection by prophylactically injecting them with 1-gm. doses at 

3-monthly intervals. 

Dios (1925a, b) found suramin satisfactory in mal de caderas. He(1925c), however, 
jailed to cure a horse with a total of 17 gm. of suramin spread over 4 months. He 
c onsiders that loDg intervals between doses are inadvisable. Hetzel (1942), describing 
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HI* Suramin in Human Trypanosomiasis 

miask *? c ° nsider the records of use of suramin in human trypanoso- 

and rhodmense infections) under 3 different heads, namelWa) use 

uLT^m,n ; ( ; ^ ° f SUr&min in COmbmati °n with other drugs; and (c) prophykctie 


(a) Use of suramin alone 

for «. 20 f m ltS 1 forms ’ g ennanin and naganol, has been an extensively used drug 

appeTto be fiZ ?, th treatment ° f b “ and animal trypanosomiasis, but it does not 

appear to be known to this day why the manufacturers recommend the gennanin brand 

for medical use and naganol brand for veterinary use. In India, its equivalenZwlZ 

SnZd ak ryP ° 86 maSS c° f Vabable Mormation on the nature of its trypanocidal 
action and also on the question of suitable dosages for use in human medicine ha? emerged 

iUnt t of the employment of this drug by medical workers. As this information is 
likely to prov e of use to veterinary workers, it is briefly dealt with in this monograph. As will 
be seen from what follows, failures to obtain cure with suramin when used in the early stages 
of human trypanosomiasis, have been few. It is more than probable that the percentage of 
failures would have been smaller if adequate measures were taken in all cases to conform 

/i 1 ^ ? fUSm , g the drug ’ as P rescribe d by acc edited authorities on the subject. Mayer 

(1 y .) 1x3,8 stress od 14 pomts in order to derive the maximum benefit from suramin. The 
more important of these are the use of sterile and fresh aqueous 10 per cent solution: 
due regard to the possibility of kidney changes, as evidenced by the appearance of 
albuminuria; desirability of using small doses at long intervals; a dose of 0-5 gm. followed 
by 1 gm. of suramin after 24 to 48 hours in man and 1 gm. per 50 kilo, in 14 days, with a 
maximum single dose of 7 gm. in horses. 


In 1920, that is, about 3 years after the introduction of suramin for the treatment of 
human trypanosomiasis, Yorke reported having cured a case of Rhodesian sleeping sickness 
by the intravenous injection of 0-5 gm. of suramin in 5 per cent solution, followed by a 
second dose of 1 gm. in 10 per cent solution. The blood became completely free from parasites 
in 7 days. 


An instance of the efficacy of suramin recorded in the early days of its use is provided 
by the rocc*. cry, reported by Muhlens and Menk (1921), of a European patient after receiv¬ 
ing 0 • 5 gm. of the drug followed by 2 successive daily doses of 1 gm. each. The patient had 
proved refractory to tartar emetic and atoxyl. In a ' manuscript report, Kleine and Fischer 
(Abstr. in Trop. Dis. Bull., 19, 322; 1922) claim to have obtained what have been called 
‘biblical cure 0 * in 28 out of 30 cases treated with this drug; it is stated that 10 of these had 
reached an advanced stage. 


Low and Manson-Bahr (1923) used suramin in 7 human patients, with recovery in 
each of them. The drug was used intravenously in doses of 1 to 2 gm., suitably spaced until 
a total of 10 gm. had been given. 



Hanington (1924) treated 132 early cases ot sleeping sickness w,» 0 u« 
Its are summarize*! in .Table VII. 

Table VII 

Results of Suramin treatment in 132 early cases of sleeping sickness 

Number of patients treated 


used 


Number of deaths 



1—2 


6—10 


_^———— - 

The remaining 18 cases were left untreated; death occurred in 4 of these Hanington refers 
to the shortness of the course of treatment with suramin as one of its outstanding advant- 


outstanding 


^’Van den Branden and Van Hoof (1924) give some useful information concerning the 
relative efficacy of suramin when used (1) intravenously, (2) by the combined intravenous 
intrathecal method and (3) intravenously combined with the intrathecal injection of serum 
of suramin-treated patients. The first was found to be the most effective, the second pro¬ 
duced alarming symptoms and the third did not prove superior to the first. 

The view is widely held that suramin is valueless for the purpose of sterilizing the 
■cerebrospinal system. Letonturier et al. (1924a) used the drug in doses of 1 gm. at 3 to 7- 
day intervals, a total of 2 or 3 injections being given. Thirty-five patients, all infected for 
about a year, were treated. Nine of the 13 with normal cerebrospinal fluid recovered and 
4 relapsed. The remaining 22 had developed changes in the cerebrospinal fluid and of these, 
11 died and 6 relapsed, without any improvement in the others. In another paper, 
Letonturier et al. (19246) give some impressive illustrations showing the methods of lumbar 
puncture and examination of blood smears on a mass scale. Chesterman (1924a, b), on the 
basis of his extensive experience in this field, likewise found the drug ‘frankly disappointing’ 
in cases of cerebrospinal involvement. 

A small section of workers report having found suramin not superior to certain other 
well-known drugs previously in use. Thus, Tanon and Jamot (1925) not only found it value¬ 
less in cases of spinal infection but even not better than atoxyl in the first stage of sleeping 
sickness. In their experience, suramin was effective against T. rhodesiense infection, but of 
doubtful value in T. gambiense infection. 

Kellersberger (1926) states that he obtained 100 per cent cures when suramin was used 
in the early stages of sleeping sickness. Halfer (1925) mentions permanent recoveries having 
been obtained by him in the first stage of the disease by 3 injections of the drug in 1 *2-gm. 
doses spread over a month. 

As is the fate with most other trypanocidal drugs, suramin began to show itself ineffective 
—although admittedly the best of all drugs till then introduced into the field of chemothe¬ 
rapy—when tested by a large number of workers in widely separated localities where sleeping 
sickness was prevalent. Kinghom (1925) used it in 30 cases with only 5 survivals. The 
drug was given in 3 doses of 1 to 2 gm. each at intervals of 10 to 18 days. In the following 
year, Kellersberger found that the drug was only effective when employed before involve¬ 
ment of the cerebrospinal system and this fact has been fully established in respect of most 
of the drugs so far used in the treatment of human or animal trypanosomiasis. 
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A number of workers, particularly French workers, are strongly in favour of replacing 
suramin by tryparsamide when cerebrospinal infection has set in. It is somewhat paradoxical 
that a considerable sect km of workers have expressed the view that tryparsamide is almost 
ineffective for the purpose of sterilizing the blood circulation, for no explanation appears to 
have been provided as to why the drug endowed with the property of penetrating the 
meninges should be incapable of performing the simpler function of clearing the circulating 
blood. 

McLean (1927) states that suramin, although ineffective in advanced cases of sleep¬ 
ing sickness, may produce a temporary recovery, but that this is almost invariably 
followed by relapse and death. Most workers, as is now well known, recommend 
tryparsamide as the drug of choice for dealing with cerebrospinal involvement, but accord¬ 
ing to Corson (1931a), both suramin and tryparsamide are ineffective in advanced cases of 
T. rhodesiense infection and also in cases of relapse, and this, he observes, ‘is in accordance 
with clinical experience’. 

Van den Branden (1926c) has laid down 15 cells per cmm. as the limit up to which 
cerebrospinal involvement may be allowed to advance for suramin to be capable of produc¬ 
ing cure on intravenous injection. According to Kunert (1942), however, a reduction in 
the cell content of the cerebrospinal fluid is not an indication of progressive recovery, 
but Kunert’s view must be regarded as exceptional, for all workers are agreed that tne 
cetebrospinal picture is the only criterion of prognostic significance. Thus Haveaux (1945) 
concludes, as a result of his 20 years’ experience in the treatment of sleeping sickness in 
Belgian Congo, that only patients with cell counts of less than 80 may be regarded to 
be in good condition. 


Concerning dosages of suramin, McLean (1926) recommends 4 or more injections of 
about 1*2 gm. each and he claims to have obtained 14 survivals—during an observation 
period of 1 year—out of 27 patients treated by him. McLean (19296), on the basis of his 
experience in the treatment of 52 cases of the Rhodesian form of sleeping sickness, ex¬ 
presses the view that, in simple cases of the disease, a total of 4 gm. of the drug, in 3 to 4 
doses spread over a month, may be expected to produce complete recovery, but he 
considers that for reasons of safety it would be a good plan to inject a total of 8 gm. He 
(1928c) found tryparsamide to be the only drug that held out a prospect of recovery in 

advanced cases. 

One important reason why suramin is regarded as a valuable introduction in the 
field of chemotherapy is that it lends iteself for effective use in the treatment of cases 
that are resistant to arsenicals, as is shown by Vaucel and Boisseau (1931a) by a tabulat¬ 
ed summary of results obtained by them from the use of moranyl (French equivalent of 
suramin) in the treatment of cases of arseno-resistance. 

McLean (1932), working in collaboration with Fairbairn, found that a combination of 
suramin and tryparsamide was not superior to suramin alone. They record having obtained 
about 75 per cent recoveries by the use of suramin alone, but they stress the desirability 
of commencing treatment within a month of appearance of the symptoms of infection. 
According to them, the drug maybe expected to cure 73-5 per cent cases if given 
within a month of onset of the symptoms, at a weekly dose of 1 gm., until a total ol 


about 5 gm. has been given. 

Sice and Mercier (1934) state that the system of dosage of suramin generally 
adopted by British workers is the weekly administration of 10 1-gm. doses and that by 
the Germans 3 or 4 large doses at 2-day intervals. They themselves recommend a 

dose of 1 gm. at weekly intervals. 



107 


ne a«,. 8 » - b y iSZ g ”f'“F'4 

. j oofTpsi of 1 cm. on alternate days, ^motplv one month. For advanced cases, 

*•* «—* ** 

he recommends an tryparsamide each. . 

weekly injections of 2 to 3 g • TP in the wor k of colonization in Africa 

r«EE 

£l“to'’effi~y'” dStto f Ma^f.nd’S.a S')'" demonstrated the 

^■=^£Sfe --=!« 

days after m ] e ctwm yJ J cidalfor abo ut13 days. 

treated with suramin ^ yV , ,1 t according to his expenence, about a 

Knnert ( 1942 ) ’makes the eme ; iters the cerebrospinal fluid If this 

tt »££$£ 'should*have* b^nh^r than has been found to be the case by 
most workers. to use than either arsenicals or antimomals 

Although suramm is considerab y not infrequently been found to produce 

some toxic effects, but, to produce albuminuria, but Fairbairn 

far outweigh this defect. The(drag aranc e of this symptom, the treatment should 

KLreded^tfbeLtse 1 ? according to hisobservations, the urine eventuallv returns o 
£ ^condition. ^ ^ ^ , m conA . )Hition with 0(her drugs 

„ . - f u n ther drugs, notably tryparsamide, has been 

The combination of suramm as having yielded superior results than when 

claimed by a large number o early ° stages of sleeping sicnkess. Of such 

•m* ™ r* e m« be Mde of W.towns (1925™, 6 ) K.evill (1926) and 

workers, special mention may be Qn the principle of ‘alternation of treat- 

McLean (1928). A combniatumoftht d drugs used alone and this in fact 

meat', should be more .ffeot.v. ta '«U»* Baht (1931). Curiously- Dye (1926) 

has been the view held by Dye (19-b a ; ^en suramin was followed by 

found that cures were spec disappointing when the two drugs were used 

tryparsamide but that the res recommends a combination of suramm with 

i?S» reverse order. Of th. cerebrospinal system, bu, he 

be replacedb, .n.—ls, 

consider n 93 - 2 a) the ideal treatment for human trvpanoso- 

According to and “tryparsamide at 0-5 gm. each, repeated every 4 

miasis is a combination of s ^ ranun , p h combine d method of treatment success- 

days, He (1933) toff ^JS^ h-.a o»2 weeks’ duration, comprised weekly 

^rSTe r ststeti, Lit-s 

iTCtSrl d^ of 0 75 , 0 . 85 , 1.0 and 1 ■ 5 gm„ while the dosage of Irypars.nnd. 
used was 2 • 5 gm. 3 p er 



108 


methods of using a combination of sura 
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>rnmsnf^ Udem ^ eekly doses of 3 • 4 gm. These recommendations are made by him on the 
barns of 1ns experience m the treatment of 47 cases by the first and 63 cal^bvthe 

toS “the°promo ^ “T® ^ eatment “ considered by him to be the better. According 

the naW S ^ recom f ^ “ injection of sodium hyposulphite prior to subjecting 

obviate fh course of treatment with heavy doses of tryparsamide—apparently to 
obviate the possibility of the production of arsenic-resistance. pparentiy to 

tbft tr 6S ^ (193 ®> 1945 ) has laid down what he regards as the standard dosage system for 
S ow a ^ en °o h ™ tr ypanosomiasis; this consists of 3 doses of 1 
followed by 5 2-gm doses of tryparsamide at 5-day intervals. He, however recommends 
prelnmnary test dose of 0 • 2 gm. to obviate the possibility of a higher dose producing 

followed by a course of tryparsamide totalling about 17 gm. A standard 

infections of t BraUWer ® ( 193 ®)> m an “i ection of 1 gm. of suramin, followed by about 14 
mj ections of tryparsamide at the usual dosage. 

, ? ardillg (1945) ’ wo ' kin 8 “ Sie rra Leone, tested the relative efficacy, on 2,713 cases 
of leepmg sickness, of suramin, tryparsamide, pentamidine and propamidine S 

L d jf er c Ilt + . C °fbmations. All of the foUowing 3 combinations of suramin and 
typarsamide-the first in 1-gm. doses and the second in 2-gm. doses—proved successful- 

(1) Three doses of suramin followed by 3 to 7 doses of tiyparsamide with an inter¬ 
val oi about 7 weeks between the first and second and the remainder at 5- 
day intervals. 

(2 i ^° s ® 3 of 8u ramin foUowed by about 4 to 6 doses of tryparsamide at 5-day 

(3) One dose of suramin followed by 8 or 9 doses of tryparsamide at 5-dav in- 
tervals. J 

Harding does not consider the absence of trypanosomes in the blood or improved 
clinical condition as pointing to recovery: only the picture of cerebrospinal system is 
according to him, of prognostic significance. * 

Eeraerts (1946) is one of a small number of workers who recommend a triple combi¬ 
nation of drugs, namely, tartar emetic, suramin and tryparsamide, in the following order: 
10 weekly in j ections of 0 • 8 gm. of tartar emetic together with 1 gm. of suramin in 

10 per cent aqueous solution, this being followed by 10—apparently weekly—injections 
of tryparsamide at 0 • 06 gm. per kilo. 


McLetchie (1948) in Nigeria used a combination of suramin and tryparsamide in doses 
°f 0*5 and 1*5 gm. respectively, a total of 6 to 20 injections being given at 5-day intervals. 
Davey (1948) recommends a slightly different combination of the 2 drugs. He states that 
the standard treatment to be adopted, not only in Nigeria, but also in Sierra Leone and 
Gambia, is to administer 3 doses of 1 gm. suramin each, followed by 5 2-gm. doses of try¬ 
parsamide, all at 5-day intervals. He, however, records having obtained more satisfactory 
results in Nigeria from 3 doses of a mixture of 1 gm. suramin and 2 gm. tryparsamide,. 
followed by 2 doses of tryparsamide, all at 5-day intervals. 





(c) Prophylactic we of suramin 

As a drug for prophylactic^ the only exception 

siderable period in the tissues as a * ently been used with advantage for giving 

culating blood. Nevertheless, su - limited period of time. 

protection against human trypanoso ^ dogeg 0 f o-02 to 0-04 gm. per kilo. 

Bossert (1927) used a s Controls. After 7 months, 267 of the treated 

in 500 individuals, while another 500 were healthy, but 2 • 5 per cent 

and 313 of the ' Chambo n, 19 30, infra). 

° f mentioned in parenthesis that the ( S— £ ^^encCf 

" ;„"r^°L b? wS whThm.y be M vedi» w..«(or.bUi.ing.be 

suitable concentration. , , ^ a „ ainst sleeping sickness a dose of 1 gm. 

Mayer (1928) recommends for p p y ■ trea t me nt before the expiration of 3 

every 3 months. He states tha_ r ®P® wec kj os u^d eher schadlich’). Such recommenda- 
months is useless and rather lnjurioi ( are supp orted by experimental obser- 

S“.r« ZSS 0 *f X«.n of specific qo.oti.icc of cor.mi, in ..yptotocidcl coo ■ 

X° »’“fit “Shi Thfp“<X 

“SLefscmeoK^licd, however, h.d previous!, been treated with arscoi. 
cals and this may have in a few cases contributed to their freedom from infection Tourche 
n 9 31) m collaboration with Hareaux, published another paper on the subject of suramin 
prophylaxis and in this he made the obviously sound recommendation that prophylactic 
treatment with suramin should be limited to individuals who are definite y healthy and 
should not be resorted to in doubtful cases. According to him, 2 injections of the dru 0 may be 
expected to confer protection for a maximum period of 7 months. 

Some figures are given by Amaud (1929) to show the relationship of the dosage of 
sara min with its prophylactic efficacy. These are summarized in Table VIII. 


Table VIII 


Prophylactic efficacy of suramin in relation to dosage 



Number of 

Percentage 

Dose per kilo 

individuals 

of new 

injected 

infections 

0*02 gm. 

25 

0 

mm 

0*02 to 0*015 gm. 

67 

7 

0*015 to 0*01 gm. 

247 

17 

Less than 0*01 gm. 

121 

32 


The figure of 0*02 works out atan approximately flat dose of 1 gm. (taking the average weight 
of human patients to be 120 lb.) and this is in conformity with the recommendation made 
by Mayer (ante). 


no 


Jamot and Chambon (1930) obtained very different results from the prophylactic use of 
the drug in an attempt to confirm what had been recorded by Dossert in 1927 (ante). They 
injected 604 individuals with doses of 0-02 to 0-04 gm. and kept 561 as controls. After a 
period of 8 months, 565 of the treated and 498 of the controls were traced. Among indivi¬ 
duals in the first category, 30*7 per cent and among those in the second category 30-5 per 
cent were found infected. 

The results obtained by De Marqueissac (19326) from Jie prophylactic use of suramin 
were even more disappointing. A total of 215 individuals were given the drug and 257 were 
kept as controls. They were re-examined after a period varying from 82 to 123 days. 
Curiously, 10 per cent of the treated and 7 per cent of the controls were found infected. 
He, however, records the interesting finding that suramin has the property of sensitizing a 
race of resistant trypanosomes. Thus, parasites which had been resistant either to try- 

parsamide or to suramin became sensitive to tryparsamide after it had been acted upon by 
suramin. 

The results of some controlled experiments on human volunteers led Duke (1934) to 
conclude that the drug was suitable for use prophylactically and that it was more effective 
against T. rhodesiense than against T . gambiense. The dose recommended by him is 1 to 
1*5 gm. every 3 months. In a paper published by him in 1936, he states that a dose of 2 
gm. may be expected to protect for a period of 3 months. Puke (1936) also carried out 
what would appear to be a unique series of experiments to derive precise information on the 
prophylactic value of suramin under conditions that were likely to obtain in the field. He 
made use of volunteers who submitted themselves to the infective bites of tsetse flies after 
they had received an injection of 1 to 2 gm. of the drug ; one of the volunteers resisted 
infection for nearly 1 year. Duke considers it likely that a prolonged immunity would be 
established after receiving repeated infective bites following drug injection. 

Orlovitch (1937) gives the results of his observations on a population of 621 prophy- 
lactically treated by him at a dose rate of 1 gm. for adults, 0*4 to 0* 75 for children and 0*15 
to 0*3 gm. for infants. The injections were repeated every 3 months, a total of 3 injections 
having been thus given. Re-examination of the blood was made before each injection, with 
negative results in all cases. Eeraertes (1946) used a dose of 1*25 to 1*5 gm. for adults 
and about 0*03 gm. per kilo, for children. He considers suramin prophylaxis the best for 
dealing with human trypanosomiasis in endemic areas. 

Of other workers who have made notable observations on the value of suramin for human 
trypanosomiasis, mention may be made of Low and Manson-Bahr (1922) ; Mayer (1922 c, 
review); Menk (1923); Carpenter (1925); Rawson (1924); Tanon and Jamot (1924); Fischer 
(1925); Lloyd (1925); Schofield (1925) ; McLean (1926); Stroda and Lopes (1926); Van den 
Branden (1926, 1927c); Cobb (1928); Keevill (1928); Saunders (1928); Shelley (1929); 
Fisher and Kunert (1930); Lee (1931); Kleine (1931); Paris Eguilaz (1932); Fourche and 
Marligheim (1936); Millous (1936); Reynes and Trinquier (1938); Sic6 (1939); Ciccaldi (1945) 
and Veatch (1946). 



CHAPTER XIII 


1 


Diamidines 

1HK diamidines have J 56 ® fa ^ ^enTmp^"^ theteSme^of animal > trypano- 

■fJS. I» any c..,. infection. The bolt of th. work 

tl«y have been »Jta» » *£££“ been i„ regori to thei, p.ophyi.ct.o value IP-* 

carried out with these drugs in ah ^ 

trypanosomiasis. 

I. Laboratory Trials with Diamidines 

The possibilities of diamidinesu^nthe discovey made 

g Jancs6 and a'number of guanidines 

trypanocidal action. King and alkylene chams and found tha 

isothioureas, amidines and a ™ ne „ 8 , abor al 0 ry animals infected with T. rhodesiense. 
undecane diamidine P ernl “ e “ t 7 , fo f md that synthalm had a powerful action on T. 
Lourie- and Yorke (193 r) liad a * . • ice The following three aromatic diamidines 

equvperdum and T to be chemotherapeutically the most active 

were shown by Lourie ana 
compounds in the series - 
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^ in treating natural cases of dourine, observed that 0*01 
curative, but produced inflammation of the coronets (‘akute 
meist auf alien Extremitaten harvorgerufen’) and neurosis of the skin. 


gm. per kilo, was 

P ododermatitis 


Balozet, Lavier and Velu (1923) record having cured a case of dourine by the intra¬ 
venous injection of 1 gm 4 gm., and 2 gm. of suramin on the first, second and fourth days 

respectively. The animal had proved resistant to 28 gm. of atoxyl given in 6 intravenous 
in] ections • 


• g ™7F, ert / 1923) ’ fallule 110 cure dourine with suramin is generally due to 

incorrect dosage. That the drug possesses a real protective value against dourine is shown by 

ttefact that he found that a dose of 0-4 gm. of the drug per kilo, protected rabbits for 6 
months against T. equiperdum. 


Yelu, Barottc and Lavier (1925) treated 6 natural cases of dourine, each with a total of 

j 68 6 am * 2 at 24-hour interval; 3 showed toxic symptoms and 1 

aiea; 2 effected a doubtful recovery and 1 was cured. According to Barotte (1926), suramin 
is not superior to combined emetic and atoxyl in dourine; he considers the use of t his 
combination to be the ‘traitement classique’. 


. Jot donkey stallions, Cordier and Menager (1933) found that suramin was not only 
ineffective as a prophylactic against dourine, an intravenous injection of the drug at 2 to 5 
gun per 300-350 kilo, was followed by oedema, skin eruptions and other toxic symptoms. 
In a later paper, Cordier el al. (1934), although stating that suramin possesses doubtful 
therapeutic value for dourine, recommend its use as a prophylactic in this condition. 

Velu and Zottner (1934, 1935®,6) recommend a subcutaneous injection of suramin at 
about 0*0035 gm. per kilo, every 10 days as a preventive against dourine. They found 
suramin sometimes causing grave accidents to particularly sensitive animals. They refer 
to the use of suramin as ‘attractive’ but they counsel improvement in the technique of using 
it (‘si le principe de la methode est s6duisant, le technique a encore besoin de 6tre 
amelioree’). The same workers, in collaboration with Morod (1934), had earlier concluded 
that, for prophylaxis against dourine, suramin should be used in small repeated doses. 
Balozet (1945) apparently accepts Velu and Zottner’s view concerning the use of suramin 
in 1-gm. doses every 10 days as a prophylactic against dourine. He found its prophylactic 
use successful in horses kept in stables but open to infection. According to him, it is possible 
to obtain a complete recovery (‘guPrison totale, definitive’) either with suramin or Ciuca’s 
method of treating with novarsenobenzol. Eyraud (1934) also found suramin to be a satis¬ 
factory prophylactic in a dose of 0 • 006 gm. per kilo. When used in this dosage, it conferred 
protection on stallions against dourine for 15 days. 

Yelu, Zottner and Belle (1938) repudiate the objections advanced by Cordier and 
Menager (ante) that suramin is liable to cause untoward symptoms in horses prophylacti- 
cally treated with this drug against dourine. They observed that no such untoward symp¬ 
toms were produced in Moorish donkeys even when 36 injections of the drug were given to 
them at 10-day intervals. 

Suramin has enjoyed widespread popularity in Europe and other countries whore it 
has been regarded almost as a specific for dourine. Thus, Carpano (1939) in Albania found 
both atoxyl and suramin satisfactory for prophylaxis against the disease. Good results 
(‘ganz giinstige Heilungziffer’) are also reported by Endrejat (1939) in the treatment .of 
dourine with suramin in Iran. Of a total of 13 cases treated by him, he obtained recoveries 
in as many as 11. He used a total of 11 gm. intravenously for each animal, the initial dose 
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the disease in doubtful cases. 

D . In rml de caderas (T. equinum infection) 

• Tn/iio flip extent to wlncii tins 

Although mal de caderas is not taom to ““V^, to ’ veterinary workers mtbU 

disease SSH £ '«*. *“* >“ b '“ “* ” b ' 

??“»•*- *» Jf - tlat 3 dos . suramin at 3,3 and 4 

Migone (1922), working in South America, for ma j de ca deras. Migone and 

gm., given at intervals of about 1.^te’ment on the basis of observations on 107 horses. 

' Osuna (1922a,6) also make a similar statem . ^ ^ that a dose of 2 

They (1922a) treated 219 horses P rop y a . ^ n of 70 cx . 0 f a 10 per cent solution of 

gm conferred protection for 6 -days. The mjej^ in the production 0 f toxic symptoms 

the drug to 2 horses weighing 250 to 3 h oofs an( j testicles and, later, by eczema 

characterized by swelling t ^ r hand 2 horses that weighed 150 to 200kilo., 

round the anus and other parts On the symptom8 . Migone (1922) gives the 

prophylactic dose of suramin against mal de cade g ht of a 40 per cent solution 

complete sterilization in horses with 1 c.c. per kilo. Doay g 

of the drug combined with urotropine. . 

a i* or,A Tip oliviera 1 19241 record having cured all of a batch of 40 small animals 

by do? P.d rafractory to infection up to 114 days. Tbey cons.de, 

79 Jm Bvcn in 3 dosra .1weekly intervals, ns sufficient for curative purposes _ Setoudt 

£ the treatment of mal de caderas does not result in the production of 

He used doses of 0 • 3 gm. up to a total of 2 • 5 to 3 gm and this sterilized the circulation for 

10 days. A complete cure was effected after a single dose of 0 • o gm. 

In the case of derreDgadera (T. venezuelense infection, which is considered synonymous 
with mal de caderas), Tejera (1924) found that 2 doses of 3 gm. of suramin given at 10-day 
interval was effective, but not a single dose of 4 gm. He recommends a dose of 4 gm. repeated 
every 6 weeks for prophylactic use against the disease. On the other hand, Morgan ( ) 

states that sura min has no curative effect for the disease, although it is capable of prolonging 
• the life of the affected animal. He, however, records having successfully prevented animals 
from contracting the infection by prophylactically injecting them with 1-gm. doses a 
3-monthly intervals. 

Dios (1925a, b) found suramin satisfactory in mal de caderas. He(1925c), however, 
i&iled to cure a horse with a total of 17 gm. of suramin spread over 4 months. He 
c onsiders that long intervals between doses are inadvisable. Hetzel (1942), describing 
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III. Suramin in Human Trypanosomiasis 

ofsmmiWW^ d c rhodes ! ense ^^ons) under 3 different heads, namely, (a) use 
use of suramin. ’ ' ^ ° f suramm m combination with other drugs; and (c) prophylactic 


(a) Use of suramin alone 

» Bayer 205’ in its 2 forms, germanin and naganol, has been an extensively used inn? 
appearto b be °kno wn “ ^ * re f raen ^f human and animal trypanosomiasis, but it does not 

i ™ to this day why the manufacturers recommend the germanin brand 

for medical use and naganol brand for veterinary use. In India, its equivalent now fo™ 
mon use is antrypol A large mass of valuable information on the nature of its trypanocidal 

KhP !n d a SO f OI i the Question of suitable dosages for use in human medicine hlLmerJd 
in the course of the employment of this drug by medical workers. As this information is 
likely to prove of use to v etermary workers, it is briefly dealt with in this monograph. As will 
be seen from what follows, failures to obtain cure with suramin when used in the early stages 
of human trypanosomiasis, have been few. It is more than probable that the percentage of 
failures would have been smaller if adequate measures were taken in all cases to conform 

n of usm B the dru g> as prescribed by acc edited authorities on the subject. Mayer 

has stressed 14 points in order to derive the maximum benefit from suramin. The 
more important of these are the use of sterile and fresh aqueous 10 per cent solution; 
due regard to the possibility of kidney changes, as evidenced by the appearance of 
albuminuria; desirability of using small doses at long intervals; a dose of 0*5 gm. followed 
by 1 gm. of suramin after 24 to 48 hours in man and 1 gm. per 50 kilo, in 14 days, with a 
maximum single dose of 7 gm. in horses. 


In 1920, that is, about 3 years after the introduction of suramin for the treatment of 
human trypanosomiasis, Yorke reported having cured a case of Rhodesian sleeping sickness 
by the intravenous injection of 0*5 gm. of suramin in 5 per cent solution, followed by a 

second dose of 1 gm. in 10 per cent solution. The blood became completely free from parasites 
in 7 days. 


An instance of the efficacy of suramin recorded in the early days of its use is provided 
by the n.cc very, reported by Muhlens and Menk (1921), of a European patient after receiv¬ 
ing 0 • 5 gm. of the drug followed by 2 successive daily doses of 1 gm. each. The patient had 
proved refractory to tartar emetic and atoxyl. In a ‘ manuscript report, Kleine and Fischer 
(Abstr. in Trop. Dis. Bull., 19, 322; 1922) claim to have obtained what have been called 
‘biblical cures’ in 28 out of 30 cases treated with this drug; it is stated that 1G of these had 
reached an advanced stage. 


Low and Manson-Bahr (1923) used suramin in 7 human’’ patients, with recovery in 
each of them. The drug was used intravenously in doses of 1 to 2 gm., suitably »paced until 
a total of 10 gm. had been given. 
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Hanington (1924) treated 132 early cases ot sleeping sickness wiun oui* 
Its are summarized in .Table VII. 

Table VII 

Results of Suramin treatment in 132 e&rly cases of sleeping sickness 


Number of patients treated 


r 

Number of doses used 


Number of deaths 



1—2 


6—10 


The remaining 18 cases were left untreated; death occurred in 4 of these. Hanington refers 
to the shortness of the course of treatment with suramin as one of its outstanding advant¬ 


ages. 

Van den Branden and Van Hoof (1924) give some useful information concerning the 
relative efficacy of suramin when used (1) intravenously, (2) by the combined intravenous 
intrathecal method and (3) intravenously combined with the intrathecal injection of serum 
of suramin-treated patients. The first was found to be the most effective, the second pro¬ 
duced alarming symptoms and the third did not prove superior to the first. 

The view is widely held that suramin is valueless for the purpose of sterilizing the 
•cerebrospinal system. Letonturier et al. (1924a) used the drug in doses of 1 gm. at 3 to 7- 
day intervals, a total of 2 or 3 injections being given. Thirty-five patients, all infected for 
about a year, were treated. Nine of the 13 with normal cerebrospinal fluid recovered and 
4 relapsed. The remaining 22 had developed changes in the cerebrospinal fluid and of these, 
11 died and 6 relapsed, without any improvement in the others. In another paper, 
Letonturier et al. (19246) give some impressive illustrations showing the methods of lumbar 
puncture and examination of blood smears on a mass scale. Chesterman (1924a, b), on the 
basis of bis extensive experience in this field, likewise found the drug 'frankly disappointing’ 
in cases of cerebrospinal involvement. 

A small section of workers report having found suramin not superior to certain other 
well-known drugs previously in use. Thus, Tanon and Jamot (1925) not only found it value¬ 
less in cases of spinal infection but even not better than atoxyl in the first stage of sleeping 
sickness. In their experience, suramin was effective against T. rhodesiense infectiou, but of 
doubtful value in T. gambiense infection. 

Kellersberger (1926) states that he obtained 100 per cent cures when suramin was used 
in the early stages of sleeping sickness. Halfer (1925) mentions permanent recoveries having 
been obtained by him in the first stage of the disease by 3 injections of the drug in 1 *2-gm. 
doses spread over a month. 

As is the fate with most other trypanocidal drugs, suramin began to show itself ineffective 
—although admittedly the best of ail drugs till then introduced into the field of chemothe- 
rapy—when tested by a large number of workers in widely separated localities where sleeping 
sickness was prevalent. Kinghom (1925) used it in 30 cases with only 5 survivals. The 
drug was given in 3 doses of 1 to 2 gm. each at intervals of 10 to 18 days. In the following 

year, Kellersberger found that the drug was only effective when employed before involve¬ 
ment of the cerebrospinal system and this fact has been fully established in respect of most 

of the drugs so far used in the treatment of human or animal trypanosomiasis. 

M/P2ICAR—15 
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A number of workers, particularly French workers, are strongly in favour of replacing 
suramin by tryparsamide when cerebrospinal infection has set in. Tt is somewhat paradoxical 
that a considerable section of workers have expressed the view that tryparsamide is almost 
ineffective for the purpose of sterilizing the blood circulation, for no explanation appears to 
have been provided as to why the drug endowed with the property of penetrating the 
meninges should be incapable of performing the simpler function of clearing the circulating 
blood. 

McLean (1927) states that suramin, although ineffective in advanced cases of sleep¬ 
ing sickness, may produce a temporary recovery, but that this is almost invariably 
followed by relapse and death. Most workers, as is now well known, recommend 
tryparsamide as the drug of choice for dealing with cerebrospinal involvement, but accord¬ 
ing to Corson (1931a), both suramin and tryparsamide are ineffective in advanced cases of 
T. rhodesiense infection and also in cases of relapse, and this, lie observes, ‘is in accordance 
with clinical experience’. 


Van den Branden (1926c) has laid down 15 cells per cmm. as the limit up to which 
cerebrospinal involvement may be allowed to advance for suramin to be capable of produc¬ 
ing cure on intravenous injection. According to Kunert (1942), however, a reduction in 
the cell content of the cerebrospinal fluid is not an indication of progressive recovery, 
but Kunert’s view must be regarded as exceptional, for all workers are agreed that tne 
cerebrospinal picture is the only criterion of prognostic significance. Thus Haveaux (1945) 
concludes, as a result of his 20 years’ experience in the treatment of sleeping sickness in 
Belgian Congo, that only patients with cell counts of less than 80 may be regarded to 

be in good condition. 

Concerning dosages of suramin, McLean (1926) recommends 4 or more injections of 
about 1*2 gm. each and he claims to have obtained 14 survivals—during an observation 
period of 1 year—out of 27 patients treated by him. McLean (19296), on the basis of his 
experience in the treatment of 52 cases of the Rhodesian form of sleeping sickness, ex¬ 
presses the view that, in simple cases of the disease, a total of 4 gm. of the drug, in 3 to 4 
doses spread over a month, may be expected to produce complete recovery, but he 
considers that for reasons of safety it would be a good plan to inject a total of 8 gm. He 
(1928c) found tryparsamide to be the only drug that held out a prospect of recovery m 

advanced cases. 

One important reason why suramin is regarded as a valuable introduction in the 
field of chemotherapy is that it lends iteself for effective use in the treatment of cases 
that are resistant to arsenicals, as is shown by Vaucel and Boisseau (1931a) by a tabulat¬ 
ed summary of results obtained by them from the use of moranyl (French eqmvalent of 
suramin) in the treatment of cases of arseno-resistance. 

McLean (1932), working in collaboration with Fairbairn, found that a combination of 
suramin and tryparsamide was not superior to suramin alone. They record having obtained 
about 75 per cent recoveries by the use of suramin alone, but they stress the desirability 
of commencing treatment within a month of appearance of the symptoms of infection. 
According to them, the drug maybe expected to cure 73-5 per cent _cases rfgiven 
within a month of onset of the symptoms, at a weekly dose of 1 gm., until a total ot 


about 5 gm. has been given. 

Sice and Mercier (1934) state that the system of dosage of suramin g“lly 

adopted by British workers is the weekly administration of 10 1-gm. doses and that by 

the P Germans 3 or 4 large doses at 2-day intervals. They themselves recommend a 
dose of 1 gm. at weekly intervals. 
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The ao^, - * ‘til. 

a j ftffac n f 1 gm. on alternate days, lolio y „ nn p mon th. For advanced cases, 

b'«toS b ' 12 

The extent to whieh n»»m» k" P»™1^ ^ ^ u , been „ » routine me.eur. 

is shown by the statement by Gilkes ( ^ ti there from contracting trypanosomi- 

Sis" Its efficacy is doubtless attnbutab^ 6 and Menk (1921) demonstrated the 

excreted. It may be mentioned h h do^s for 9 days and in the urine of man for 5 
presence of suramin id_ the ***£ found that the urine and serum of human patients 
days after injection. Jh J oc idal for about 13 days. 

treated with suramin w according to his experience, about a 

Kunert (1942) makeS ^emms injection enters the cerebrospinal fluid. If this 
third of suramin on “twve ad ] vanced cases of human trypanosomiasis by the 

is so, the percentage loffidTavr been higher thaT lias been found to be the case by 

most workers. , raHv safer to use than either arsenicals or antimomals 

Although suramm is consid y not infrequently been found to produce 

in the treatment of tr )T aI10 *° (19 4 2) points out, the advantages derived from its use 

far outweigh this defect - J he J’ g f t J ap pearance of this symptom, the treatment should 
(1944) recom ^ d ^S a i e according to his observations, the urine eventually returns to 

its normal condition. , 7 

(6) Use of suramin in combination with other drugs 

n of sur amin with other drugs, notably tryparsamide has been 
The combination of suram ™ , hav ing yielded superior results than when 

claimed by a large num er o ^ ^ ear j y stages of sleeping sicnkess. Of such 

suramin was used alone, e ^ )nade of Walravens (1925ff, 6) Keevill (1926) and 

workers, special men ion J , t drugs, on the principle of 'alternation of treat- 
McLean (1928) A combmationofthetwo drugs used alone and this in fact 

meat’, shouid be more effective (1931) . Curiously Dye (1926) 

has been the view held J ‘Lectacular’ only when suramin was followed bv 
found that cures were p ^ di ' ointing when the two drugs were used 

tryparsamide but that the ^ n925a) recommends a combination of suramin with 

in the Tr^the treatment of cases of involvement of the cerebrospinal system, but he 

insiders tltetaxMnitoU may as well be replaced by antimonials. 

, r 1 no Maroueissac (1932a), the ideal treatment for human trvpanoso- 
• ACCOrd !.omb 0 inationof suramin and tryparsamide at 0 • 5 gm. each, repeated every 4 
r" 818 He^S) cS to have employed the combined method of treatment success- 

fully m cases of relate. .The^"t, ^ ^ duriug the fi rs t 4 weeks 

injections of the subcutaneous route during the next 8 weeks. Tie first drug was 

i t 24‘Sc“ti,.dotesoIO-75, 0-85,1-0 and 1-6 gm., vcbife the dosage of tryp.rsanode 
used was 2*5 gm., per kilo. 
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min AnH h £ll 1933 i^ d d ? WQ 2 different methods of using a combination of sura- 
3wv d rl tryparsamide : °ne—the prolonged thorough treatment—consists of 5 1-gm 

o suramln i foUowed by about 7 3-gm. weekly doses with a month’s interal 
. f the 2 courses - Tte other—the short intensive treatment—comprises 3 1-gm. 
doMB rfBnnmin on alternate days, followed by 1 week’s interval and then a total of 20 ™ 

Wsofbk de m W6ekI ^ d °l eS of 3 ' 4 gm- Th ese recommendations are made by him onthe 
basis of his experience m the treatment of 47 cases by the first and 63 cases by the 

to “the ' ? C T 36 t f atment 18 considered by him to be the better. According 

s rek ' ) “ d ^^ ~ 3 j«” *>» ** 

the 1 1936) recom f ends an injection of sodium hyposulphite prior to subjecting 

obvLt the “ treat “ enfc with heavy doses of tryparsamide-apparently to 

obviate the possibility of the production of arsenic-resistance. M y 

the S er (1 . 93d ’, 1945 ) has laid d °wn what he regards as the standard dosage system for 
the treatment of human trypanosomiasis; this consists of 3 doses of 1 gm of suramin 

followed by 5 2-gm doses of tryparsamide at 5-day intervals. He, however, recommend^ 
?J'f 1 f mnary dose of 0-2 gm. to obviate the possibility of a higher dose producing 
fo loweT P h CaS A S ° f re apSe ; he la y s d °wn a course of 3 injections J suramif 

followed by a course of tryparsamide totaUing about 17 gm. A standard treatment, 

• • I ’. g ° Brauwere (1938), is an injection of 1 gm. of suramin, followed by about 14 
injections of tryparsamide at the usual dosage. 

Harding (1945), working m Sierra Leone, tested the relative efficacy, on 2,713 cases 
°: sleepmg sickness, of suramin, tryparsamide, pentamidine and propamidine, used 
singly or in different combinations. All of the following 3 combinations of suramin and 
typarsamide-the first m 1-gm. doses and the second in 2-gm. doses—proved successful: 

(1) Three doses of suramin followed by 3 to 7 doses of tryparsamide with an inter¬ 

val of about 7 weeks between the first and second and the remainder at 5- 
day intervals. 

(2) Two doses of suramin followed by about 4 to 6 doses of tryparsamide at 5-dav 

intervals. J 

(3) One dose of suramin followed by 8 or 9 doses of tryparsamide at 5-day in¬ 

tervals. J 


Harding does not consider the absence of trypanosomes in the blood or improved 
clinical condition as pointing to recovery: only the picture of cerebrospinal system is, 
according to him, of prognostic significance. * 

Eeraerts (1946) is one of a small number of workers who recommend a triple combi¬ 
nation of drugs, namely, tartar emetic, suramin and tryparsamide, in the following order: 
10 weekly injections of 0*8 gm. of tartar emetic together with 1 gm. of suramin in 
10 per cent aqueous solution, this being followed by 10—apparently weekly—injections 
of tryparsamide at 0-06 gm. per kilo. 

McLetchie (1918) in Nigeria used a combination of suramin and tryparsamide in doses 
of 0-5 and 1-5 gm. respectively, a total of 6 to 20 injections being given at 5-day intervals. 
Davey (1948) recommends a slightly different combination of the 2 drugs. He states that 
the standard treatment to be adopted, not only in Nigeria, but also in Sierra Leone and 
Gambia, is to administer 3 doses of 1 gm. suramin each, followed by 5 2-gm. doses of try¬ 
parsamide, all at 5-day intervals. He, however, records having obtained more satisfactory 
results in Nigeria from 3 doses of a mixture of 1 gm. suramin and 2 gm. tryparsamide,. 
followed by 2 doses of tryparsamide, all at 5-day intervals. 


« 
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(c) Prophylactic use of suramin 
Ab . tag 6* prophylactic use, — 

known to be the case with other trypanoci ^ ^ chloride, is retained for a con- 

by reason of the fact that this drug, in w here it is slowly liberated into the cir- 

dderable period been used with advantage for giving 

^So^hut^.—f *» P-tic*^ 

Bossert (1927) used sur ! m “ P r0 Pby controls S After 7 months, 267 of the treated 

iss^ ™SSsss 2 " per cent 

° f ^t ma^e rent" pZnZTZ the adva^of ^amin « a^r pro- 

dlSlv^ in Uter fcr owrinmg ^ 

suitable concentration. . , A * 

Maver (1928) recommends for prophylaxis agamst sleeping sickness a do.e of 1 gr . 
^nnthf He states that repetition of the treatment before the expiration of 3 
months is useless and rather injurious (‘Zwecklos und eher schadlich’). Such recommenda¬ 
tions can however only be regarded as of value if they are supported by experimental obser¬ 
vations on the duration of retention of specific quantities of suramin in trypanocidal con¬ 
centration in the circulating blood. . „ , . _ , ,, ,_ 

Fourche and Eicklin (1928), in their itinerant practice in Belgian Congo, used the drug 

prophylactically in doses of 1 gm. for adults and „ 0 ‘^. 0 ‘! 6 .f n - 1 f ° r chlld ^ en ’ * e ‘ 

L repeated at 15 to 30-day intervals. A total of 1,059 individual received srngle and 2 042 

individuals double injections of suramin. After an interval of 10 months the percentage 

of infections in the first group was 0 • 54 and m the second 0-22, as agamst 1 • 00 amongst the 

non-suraminized. Some of the suraminized, however, had previously been treated with arsem- 

cals and this may have in a few cases contributed to their freedom from infection. Fourche 

(1931), in collaboration with Hareaux, published another paper on the subject of suramin 

prophylaxis and in this he made the obviously sound recommendation that prophylactic 

treatment with, suramin should be limited to individuals who are definitely healthy and 

should not be resorted to in doubtful cases. According to him, 2 injections of the drug may be 

expected to confer protection for a maximum period of 7 months. 

Some figures are given by Amaud (1929) to show the relationship of the dosage cf 

suramin with its prophylactic efficacy. These are summarized in Table VIII. 


Table VIII 


Prophylactic efficacy of suramin in relation to dosage 


Dose per kilo 

Number of 
individuals 
injected 

Percentage 
of new 
infections 

0*02 gm. 

25 

0 

0-02 to 0*015 gm. 

67 

7 

0*015 to 0*01 gm. 

247 

17 

Lees than 0*01 gm. 

121 

32 


The figure of 0*02 works out atan approximately flat dose of 1 gm. (taking the average weight 
of human patients to be 120 lb.) and this is in conformity with the recommendation made 
by Mayer (ante). 
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Jamot and Chambon (1930) obtained very different results from the prophylactic use of 
the drug in an attempt to confirm what had been recorded by Dossert in 1927 {ante). They 
injected 604 individuals with doses of 0*02 to 0-04 gm. and kept 561 as controls. After a 
period of 8 months, 565 of the treated and 498 of the controls were traced. Among indivi¬ 
duals in the first category, 30*7 per cent and among those in the second category 30-5 per 
cent were found infected. 

The results obtained by De Marqueissac (19326) from i/he prophylactic use of suramin 

were even more disappointing. A total of 215 individuals were given the drug and 257 were 

kept as controls. They were re-examined after a period varying from 82 to 123 days. 

Curiously, 10 per cent of the treated and 7 per cent of the controls were found infected. 

He, however, records the interesting finding that suramin has the property of sensitizing a 

race of resistant trypanosomes. Thus, parasites which had been resistant either to try- 

parsamide or to suramin became sensitive to tryparsamide after it had been acted upon by 
suramin. 

The results of some controlled experiments on human volunteers led Duke (1934) to 
conclude that the drug was suitable for use prophylactically and that it was more effective 
against T. rhodesiense than against T. gambiense. The dose recommended by him is 1 to 
1 *5 gm. every 3 months. In a paper published by him in 1936, he states that a dose of 2 
gm. may be expected to protect for a period of 3 months. Puke (1936) also carried out 
what would appear to be a unique series of experiments to derive precise information on the 
prophylactic value of suramin under conditions that were likely to obtain in the field. He 
made use of volunteers who submitted themselves to the infective bites of tsetse flies after 
they had received an injection of 1 to 2 gm. of the drug ; one of the volunteers resisted 
infection for nearly 1 year. Duke considers it likely that a prolonged immunity would be 
established after receiving repeated infective bites following drug injection. 

Orlovitch (1937) gives the results of his observations on a population of 621 prophy¬ 
lactically treated by him at a dose rate of 1 gm. for adults, 0*4 to 0*75 for children and 0*15 
to 0-3 gm. for infants. The injections were repeated every 3 months, a total of 3 injections 
having been thus given. Re-examination of the blood was made before each injection, with 
negative results in all cases. Eeraertes (1946) used a dose of 1*25 to 1*5 gm. for adults 
and about 0*03 gm. per kilo, for children. He considers suramin prophylaxis the best for 
dealing with human trypanosomiasis in endemic areas. 

Of other workers who have made notable observations on the value of suramin for human 
trypanosomiasis, mention may be made of Low and Manson-Bahr (1922) ; Mayer (1922 c, 
review); Menk (1923); Carpenter (1925); Rawson (1924); Tanon and Jamot (1924); Fischer 
(1925); Lloyd (1925); Schofield (1925) ; McLean (1926); Stroda and Lopes (1926); Van den 
Branden (1926, 1927c); Cobb (1928); Keevill (1928); Saunders (1928); Shelley (1929); 
Fisher and Kunert (1930); Lee (1931); Kleine (1931); Paris Eguilaz (1932); Fourche and 
Marligheim (1936); Millous (1936); Reynes and Trinquier (1938); Sic6 (1939); Ciccaldi (1945) 
and Veatch (1946). 



CHAPTER XIII 


Diamidines 

mHE diamidines have been fairly theTmatment of animal trypano- 

1 very few records of their having P ' d of work with diamidines shows that 

somiasis. In any case, a perusa! oftbea'a'b The bulk f the work 

trypanosomiasis. 

I. Laboratory Trials with Diamidines 

The possibilities of diamidines as upon the disco vey made 

1.*!. '* K, T,Z?Zi ^IRtSthylene diguanithne) had .tort 

by Jancs6 and Jancs6 (1935) ,*^ n „ n ii a horators examined a number of guanidines, 

trypanocidal action. King an alkylene chains and found that 

rfothiouie.., arnidinec and j' i.W with T. ,Me,se. 

undecane diamidin, P™”””**^Jfan ? .“teynth.Un had a powerful action on T. 
Lourifr and Yorke (1930 had also to The following three aromatic diamidines 

to b. chemntherapeut ically the. - active 

compounds in the series : 
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on tt th ! ^ din l g8ref T ed * above - Yorke ( 194 °) gives an interesting discussion 

cidaf^Hnnlonj'p of the chemical con%uration of these compounds with their trypano¬ 
cidal action. He divides the amidme compounds containing the amidine group into 4 

classes compounds linked by a straight-C-lmkage, those linked by an-O-linkagefthose linked 

te“3aT d p.wr “' d b? “•“» ^ - iSS 

Stilbamidine in doses of 0-05 mg. per 20 gm. mouse was found by Yorke to cause per¬ 
manent recovery m the majority of mice infected with T. rhodesiense, while a total of 1 mgm. 
gryen in 2 doses of 0* 25 mgm. on consecutive days cured mice infected with T. conqolense. 
Way and Chan (1944) found that the tolerated and curative doses of propamidinTfor mice 
were 40 mgm. and 5 mgm. per kilo. He experimented with T. brucei and T. equiperdum. 

Following upon the discovery of the high chemotherapeutic value of 4 : 4 diamidine 

compoundsi, Fulton and Yorke (1942a) investigated a number of others in this series in respect 

ot their action on T. rhodesiense and T . congolense infections in mice. They found that 

monomethyl stilbene and dimethyl stilbene were both active against these 2 parasites. 

They (19426) further observed that solutions of stilbamidine exposed to light for 2 days 

became more toxic for mice and hence arose the desirability of using a fresh solution each 

time. Fulton (1943) observed that under such conditions the drug lost in therapeutic 

value for T. rhodesiense. Fulton (1945), working in collaboration with Goodwin on some of 

these dianndmes, found that the increase in the toxicity occurred when they were exposed 

to light in solution, but not when exposed in a solid state. It is worthy of note that mono- 

methyl derivatives of stilbamidine were similarly affected but not dimethyl derivatives or 
pentamidine. 


Fulton (1944) investigated the prophylactic action of some aromatic diamidines 
against T. rhodesiense and T. congolense infections in mice. He found that the injection 
of these drugs conferred protection for periods up to 2 to 4 weeks and that the effect 
was proportional to the therapeutic activity of these diamidines. This conclusion would 
appear to stand to reason, for, a priori , the dosage of a drug and the expected duration of 
its effect should be approximately the same when it is used for therapeutic or prophylactic 
purpose, although this is not what would appear to be the view held by most workers in 
this field. One notices that the prophylactic dose is usually much less than that advocated 
for therapeutic use. On theoretical grounds, it seems reasonable to hold that the curative 
and prophylactic doses of a drug should not merely be the same but that the prophylactic 
should exceed the therapeutic dose, with due regard to the therapeutic index, in proportion 
to the duration of protection which the drug is desired to confer. He makes the general 
observation that ‘the more active diamidines have a definite frank prophylactic effect, which 
is, however, of limited duration.’ 

Launoy and Lagodsky (1946a,6), from their studies upon the action of penatamidine 
against T. brucei and T. evansi infections in rats, found that the curative dose of this 
drug for T. brucei infection was 0-5 mgm. per 100 gm. rat and that the period of protection 
with this dose was 14 days. This period increased to about 30 days with a dose of 
2 or 3 mgm., while 5 mgm. protected for 100 days. The curative dose for T. evansi 
infection was found by them to be 6 mgm. and the dose required to protect for 10 days in 
50 per cent of the mice to be 10 to 15 mgm., while 25 mgm. protected against T . evansi 
for 30 days. The larger the dose the longer was the duration of protection. The 
curative dose of pentamidine for T. equiperdum infection in rats was found by Launoy 
(1946) to be 10 to 12 mgm. per 100 gm., while a dose of 5 gm. per 100 gm. protected for 
at least 2 months. Launoy and Lagodsky (1946c) published some observations which 
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ts srs ssttfKsSScSS 

* b J K the ““IS T 15 £frtak month. The same workers 

dose of 0-025 gm. gave protection agimt T. J pentamidine, when injected sub- 

VJSgtRSSSZm,imi to b. 2-0,2-0to 2-5 »d 25-0 mgm. reopoct.vely. 

T evansi thus proved to be by far the most resistant to the drug. 

Launov and Jeanpierre (1948) studied the possibilities of utilizing pentamidine for 
prophylactic purposes when the drug was given per os. Two doses of 10 mgm. per 1Q0 
L body weight at an interval of 4 days proved ineffective in rats against mfec ion wdh 
T eouiperdum when tested 24 days after the drug administration, but 3 further clones 
caused r esistant stage in the animals. Launoy (1948) investigated the possibility of 
conferring protection on rats infected with T. gambiense by the oral administration 
gum suspension of a form of diamidinophenoxypentane, but the results were not encoura - 
me He (1949a) also tested a penicillic acid salt of lomidme base but here also the lesult-s 
were not more successful. Launoy (19496) tested the value of both this pemcillate and 
2 : 2 '— methylene-bis oxynaphthoate against T. gambiense in rats when these drugs were 
iniected and not administered by the oral route. A dose of 0-08 gm. per 1 < gm. ra 
of the penicillate protected for 40 days, while a dose of 0-035 to 0-05 gm. per 100 gm. 
rat of the other drug gave protection for 14 to 27 days. As for lomidme, Launov (19o0) 
found that 100 mgm. of this drug, when injected subcutaneously per kilo., protected ior 
about 6 months in 50 per cent of the animals; 5 mgm. per kilo, for about 25 cUvs* 10 
mgm for 25 to 60 days; and 20 mgm. for more than 2 months. It is of interest that 
lomidine had been found by him (1947) effective when administered per os , 0-15 to 0-3 
gm. per 100 gm. of the drug having prevented rats from contracting infection when they 
were given the parasites 1 to 8 days after drug administration. 

II. Diamidines in Animal Trypanosomiasis 

"While diamidines have been used with success in the treatment of sleeping-sickness, 
they have been found by some workers to exert a delayed toxic action in animals. Thus 
Simmons (1941), in the annual report of the Veterinary Department, Uganda, for 1910, refers 
to the occurrence of such action, frequently leading to death in 1 to 2 months in cattle 
treated with these drugs against T. congolense , T. vivax and T. brucei infections. Wilson 
(1942) in Nyasaland likewise found it valueless against cat-tie trypanosomiasis. Delayed 
poisoning was also observed by Dauhney and Hudson (1941) in cattle treated with penta¬ 
midine and stilbamidine against experimental infection with a virulent, -strain ot T. co)tgo - 
lense in Kenya. Complete cure was not obtained by any of these drugs. A single dose 
of 20 mgm. of stilbamidine per kilo, given intravenously sterilized the circulation for 
16 days, while 3 doses of 5 mgm. per kilo, at intervals of 7 days, produced only a 
premunized state in the animals, A premunized state was also brought, about- by 3 doses 
of 2-5 mgm. of pentamidine per kilo, at intervals of 14 days, but this drug proved much 
more*toxic than stilbamidine. These workers cite instances of both immediate and delayed 
toxicity. Hudson (1941) records similar observations in his annual report, of the Veteri¬ 
nary Department of Kenya for 1940. 

M'P>nAR-i6 
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Carmichael and Bell (1943) found stilbamidine almost ineffective against T. congolense 
infection in cattle. They used a 5 per cent solution of the drug intravenously. With 
single doses of 2*5 mgm. per kilo, and 5*0 mgm per kilo., they obtained sterilization for 
about 12 days in 4 and 2 cases respectively. Of a group of 6 cattle treated with 10 mgm. 
per kilo, each, 4 were cured, 1 died and 1 relapsed after 20 days. Of a second group of 
6 animals treated with 12*5 mgm. per kilo, each, 2 were cured and developed symptoms 
of poisoning. Two were treated intramuscularly with 10 mgm. per kilo.; both relapsed 

after about 15 days. 

Carmichael (1943a) was more successful with 4:4-diamidino dimethyl stilbene 
hydrochloride in a few prelimmary trials, but in a series of later experiments, he (19436) 
found the margin of safety between the toxic and the curative dose to be small. He 
(1944) also tested 5 diamidino phenyl compounds but the results were unsuccessful. Bell 
(1945) found the protective value of pentamidine against T . congolense infection to be also 

very limited. 

Deom (1949) tested the efficacy of pentamidine, given intramuscularly in the form 
of a 20 per cent solution in methyl acetamide, against experimental T. congolense and 
T. vivax infections in cattle. The drug was tested, at a dose of 1 to 3 ml. per kilo., on 
9 cattle and was given either simultaneously with the infected blood or 24 hours to 15 
days later. It altered the course of the disease and Deom considers that the 
results might have been better if the inoculations were repeated. 



A 

CHAPTER XIV 


Phenanthridinium Compounds 

‘ij'. TTi Ant of animal trypanosomiasis. Th 

f 

I exclusively employed m the treatnwnt ^ ^ control of trypanosomiasis of 

tZoT v T^X^. " n t g SKft 

i- a -p-w ° f «**>•« * c “ e 

u v rpDairins and stimulating tissue growth. 

7 r;,i o f *. -*«.»-» r c. ^“K a r. 

that phenanthridinium compounds s ( JJJ)%* first two phenanthridinium 

compounds^ possessing trypanocidal properties were synthesized oy „ 
and these were as follows : 
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A. 7 amino-9 (p-aminophenyl)-lO methyl phenanthridinium chloride (NH 2 

groups at positions 7 and X). 

B. 3(acetylamino)—9 (p— acetylaminophenyl)—10 methyl phenanthridinium 

chloride (NH.COCH 3 groups at positions 3 and X). 

Subcutaneous injection of 1 mgm. of A or 2 • 5 to 5 mgm. of B cured T. hrwcei-infected 
mice weighing 20 gm. when the drugs were given 24 horns after parasite inoculation, 
but these doses were about the maximum tolerated. Compound A but not B liad also 
a curative action on T. congolense infection. These workers stress the fact that compound 
A was equally effective against both T. brucei and T. congolense, for the latter had been 
found to be usually not affected by agents which were trypanocidal against T. brucei. 
Browning, Browning and Robb (1940) published observations to show that the subcuta- 
neous injection of compound A, in 1/16th to l/100th of the maximum tolerated dose, 
cured mice infected with T. congolense but, as observed by Browning et al. (1938, supra), 
its cuiative dose—and also the curative dose of B—for T. brucei were near the maximum 
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tolerated. 5 Drug A exerted little prophylactic action against T. congolense . There 
were 2 different strains of T. congolense used and the dose required to cure infected mice 

with Drug A was — gm. in the case of one strain and ——gm. in the case of 

the other. Browning, Browning and Robb give detailed figures to show the relationship of 
the dosage with the number of recoveries and some of these figures are reproduced here : 
(a) With the less virulent strain: 0*04 to 0-033 mgm., 4 out of 6 ; 0-02 to 0-017 mgm., 

5 out of G ; 0-013 to 0-01, 3 out of 3 ; 0-007 mgm. or less, none of a batch of 4 mice. (6) 
With the more virulent strain : 0 -1 mgm., 3 out of 4 ; 0-067 to 0-033, 5 out of 5 ; 0-02 
to 0-017, 1 out of 4. 

Two well known forms of phenanthridinium compounds have since been commonly 
used both in laboratory trials and in the treatment of animal trypanosomiasis under field 
conditions. One of these—the drug referred to as ‘A’ above is designated—phenidiuin 
chloride or ‘phenanthridinium 897’ or merely ‘897’ or ‘phenidium’. The other is 2 : 7— 
diamino-9-phenyl-lO-methylphenanthridinium bromide or ‘phenanthridinium 1553’ or 
merely ‘1553’ ; it is also known as dimidium bromide. 

In a paper published by them in 1945, "Walls, Browning, Calver andLeckie have dis¬ 
cussed the relationship bet ween the structure and trypanocidal properties of the phenantliri- 
dinium series. They synthesized 22 amino derivatives of 9-phenyl-10-methylphenanthri- 
dinium chloride, some of which were found to be effective in mice against T. brucei and 
others against T. congolense. The trypanocidal activity of these amines was found to be 
reduced on acetylation. 

In an informative thesis, Calver (1945) has given the results of his studies on the action 
of phenanthridinium compounds on T. congolense infection in mice, this infection, as point¬ 
ed out by him, having been found more or less resistant to such drugs as arsenicals, suramin, 
etc. As further stated by him almost the only compounds that liad been found to exert 
some action on this infection were tartar emetic, antimosan and Surfen C. Calver used 2 
strains of T. congolense , one (strain II) being more virulent than the other (strain I). He 
uses the term ‘acme’ to indicate the state of infection when the parasites were abundant, 
the expression‘acme strain’ being accordingly used to mean strain propagated by passage 
at this stage. The drug tested was principally phenanthridinium ‘897.’ Given subcutane¬ 
ously, 0-001 gm. per 20 gm. mouse was well tolerated by the mice, but 0*0013 gm. killed 30 
per cent of them. It was more effective when given at the ‘acme’ stage of infection than 
when given earlier or when the disease had assumed a chronic form. The minimum 
curative dose per 20 gm. mouse was 0-03 mgm. for strain I and 0-3 mgm. for strain II. 
There were occasional cases of relapse, but these proved amenable to re-treatment. Mice 
cured of infection with strain I were immune against this strain during an observation 
period of 13 months, but only 50 per cent of the mice proved immune against strain II 
when they wi re curtd of infection with this strain. In both cases the treatment was 
given at the ‘acme’ stage. Whether the animal was cured at the chronic or the ‘acme’ 
stage, it develope d little or no immunity against strains from chronic cases. Animals cured 
at the chronic stage, however, showed similar immunity to strains from‘acme’infections 

as did animals cured at the ‘acme’. C alver found phenanthridinium ‘1553’ more suitable 
than phenanthridinium ‘897’. The latter appeared to be of little prophylactic value. 

A noteworthy property of phenanthridinium compounds was that some of them were 
experimentally shown to be trypanocidal against T '. cruzi , which had proved to be resi^tajit 
other chemotherapeutic agents, except‘Bayer 7602’ (a 4:6 di ami no-quinaldine derivative) ► 
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SS^^ioi 'S1544’is shown by th*-^^ 
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Seventy animals were treated withthe 1*8 stowed suppres- 

to 3 mgm. per 20 gm. (max imum tolerat ), n n jn the early stages than at the 

sion of the disease. Treatmen vas responded to the treatment differently from T. 

‘acme’ and in this respect T. cruzi mfe 1 P ^ g m>J , over lBayer 760 2 ’ waB shown 

congolense infection T ® ^edwith the latter, 2 were cured and 6 showedsuppres- 

by the fact that, out of 23 \w» ^ed mbeth min 0 _ 9 .lO-dimethylphenanthndmium 

*■—- th * 

cess of immunity also contributed towar s reC ^ v ^J* an a * 897 ’ an <] an amidine 

Wien (194b) compared the ^^t^^inbcn^diliydrocbloride). Heconfiimed ‘1553’ as 

*-*&• ■»•>« - ik . •• -«-•«» 10 
0f ' 8 L,»“y ■ I »4 i Ti\ 84 ”.™Sa°VphT»X»«m “',™n l 
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were follows: <8g7 , 

(a) Toxicity in mgm. (L.D. 50) , 

Intravenous Mice, 0-35; white rats, apparently not tested. 

• Subcutaneous. Mice, 1 • 5; white rats, 7 ■ 5 (per ICO gm. body weight m each case). 

(b) Trypanocidal action 

A ’ B 1 IC 7 7 . brucei. 0 • 2 rngm. intravenously and 1 mgm. subcutaneously failed to cuie. 

2. T. congolense. 0 • 075 mgm. intravenously cured a mouse weighing 20 gm.; 0 • 1 mgm. 
subcutaneously cured; controls died. 

3. I. evansi. Some clearance (‘blanchiments’) of circulation with 1 mgm. per 20 gm. 
bedy weight but relapses occuried regularly. 
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B, Rats , 

1. T. brucei . Sterilization with 2*5 mgm. per 100 gm, body weight given subcutane¬ 
ously. 

2. T. cquipei dum . ^No cure with doses up to 7*5 mgm., this dose having sometimes 
proved toxic and caused death. Route of injection not stated. 

3. T. congolense. Sterilization with a dose of 0-5 mgm. given subcutaneously. 

II. ‘1553’ 

(a) Toxicity in mgm. (L. D. 50) 

Intravenous. Mice, 0*75 ; rats, apparently not tested. 

Subcutaneous. Mice, 1 per 20 gm. body weight; rats, between 7*5 and 10 per 100 gm. body 
■weight. 

(b) Trypanocidal action 

A. Mice 

1. T . brucei . Intravenously no action with a dose of 0*5 mgm., but ‘un blanchiment* 
of 24 hours with a dose of 0*75 mgm. Subcutaneously 1 mgm. had no action. 

2. T . congolense. Both subcutaneously and intravenously regular sterilization obtained 
with 0*075 mgm., the action of the drug being more pronounced when administered by the 
subcutaneous route. Mice cured by a dose of 0*1 mgm. were found susceptible to a 2nd 
inoculation of the parasites given 20 days after treatment . 

3. T. evansi. No cure with subcutaneous dose of 1 mgm. 

B. Rats 

1. T. brucei. Subcutaneously regular sterilization with doses above 0*5 mgm. 

2. T. equiperduni —No cure subcutaneously with 2*5 mgm. but only ‘blanchiment’ 

of 5 days. 

% 

3. T. evansi . Similar results as with T. equiperdum . 

Neither of the two drugs had any preventive action against the parasites. It will 
appear from the results summarized above that the two drugs are particularly effective 
against T. congolense infection. 

For some time a misapprehension obtained currency that samples of phenanthridinium 
‘1553’ and ‘807’ were variable in their toxic propel ties—a view also held by Fiennes (1947a). 
Brownlee, Goodwin and Walls (1947) assayed about a dozen samples of ‘1553’ against T . 
congolense infection in mice and found no significant difference in their activity. They were 
unable to reproduce delayed toxicity either with ‘1553’or with‘897’. After subcutaneous 
injection, both drugs persisted in the circulation for about 24 hours, but the concentration 
of ‘] 553’ was twice that of ‘897’. Laboratory experiments carried out by these workers show¬ 
ed that ‘ 1553’ was about 3 times as active as ‘897’ and they quote Bell and others as having 
shown that the relative therapeutic effect of the two drugs was of the same order in infected 
cattle. On the other hand, Baeten (1951) records having found some samples of ‘897’ more 

trypanocidal than others. 



Animal 


II. PHENANTHRIDINIU^ . .^ 

Of the two commoolotms of ^ 

SffSlrL « .^n -*-* below 

(a) phenanthridinium‘897’ 

Daubney (1942), workinngmK^ of c ^ re8 ob- 

~ ^ s “t ST.OT 2* 

0-75 mgm. per kilo., 1 out of 3; 1 mg“-P® - d • unsat i s factory for the treatment of 
2 mgm. per kilo., 3 outof , possibility of drug-fast strains having been produced (c/. 

relapsed cases, indicat mg the possib^ y^ sti | opherl {the terva lent antimomal sodium 

Carmichael and Bell, 1944 )• isulukonate) superior in the treatment of T. congo- 

antimony bis —pyrocatechol 3 . 5 P ^ ag ^ministered at weekly intervals. Surfen 

lev.se and T. vivax infectmm when the drug ^ Daubney in 1943 would appear to 
C (congasm) was ineffective. Te P ioug ye ar, for, out of 50 animals treated by 

be superior to those repor e y mem 0 f ‘897’ 28 recovered and 22 relapsed, while 
himwithasingledoseper kilo.ofl S mgm^ot » 9 ' n80 to 90 per cent of infected 

JSSSitSffiSS? ffwelv^of these relapses were successfully toted with 
single injections of ‘897 . 

_ • , a . nf1 ReU / 1944 a) working in Entebbe, Uganda, tested the therapeutic effect 

Carmichael and Bell (194401, ^ , , solubility of‘897’ these workers used a 1 

.897’ »», r ; S of ZStjtot; performed by them showed that the 

per cent solution of tlw dr & Aj administ y ered intravenously, was 3 mgm. per kilo, 

maximum non-toxic dose oi in. 5, f to , e an effective dose for 

A preliminary exp ® n P®Jo S f 40 € ( ap'pStly P artificially) infected cattle were then divided 

s zssxssz i ™ iy i Mr rrs ; 

ereiwtotedV; a sikgk tajlotta Mdays after'the first treatment and 

were each time unsuccessfully treated, apparently due to the parasites being drug f st. 
ProDhvlactically used ‘897’ comferred protection on cattle agamst T.congolense for 
Kffrielke, point out, a serious drawback of the drug is its low 

solubility, necessitating injection of a large volume of the solution. 

DeMeza (1944) would also appear to have used phenanthridmium compound in the treat 
ment of cattle in the Nyasaland Protectorate, but no details are given in his report which 
has been seen only in abstract. In his report for the following year De Meza (1 45) gi es 
some particulars of the results obtained by him with ‘89 1 m the treatment of cattle naturally 
infected with trypanosomiasis. He found 1 injection of this drug generally effective he few 
relapses being successfully treated by a second injection. He further found that st.bophen 
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sterilized the circulation for 2 to 3 weeks (c/. Daubney, 1942). ‘897’ proved to be 
distinctly superior to tartar emetic inasmuch as, for curative purposes, 6 injections of the 
latter drug had to be administered at 5-day intervals. * 

Mackintosh (1945) reports ‘897’ to be unsatisfactory, but in his paper published in 1947 
he records having used both this drug and stibophen with some success in the treatment of 
T. congolense and T. vivax infections in cattle in the Uganda Protectorate, where mortality 
from these infections was very severe, as many as 11,000 cattle having died of trypanoso¬ 
miasis in one area alone. Later, ‘1553’ proved to be much superior and was used with less 
than 10 per cent relapses after a single dose in the treatment of T. congolense infection, 
although in animals treated for T. vivax infection, 50 per cent relapses occurred 
several months after the treatment. Severe local reactions were produced when the drug 
was administered subcutaneously in a 2 per cent solution. It was better borne by the animal 
when given intramuscularly in a 1 per cent solution. The reported superiority of the intra¬ 
muscular over the subcutaneous method of administration is, however, contrary to the 
experience of Carmichael and Bell (1941a, supra), although Bell in a later paper(1945a) 
reported that, out of a batch of 27 animals that had received the drug subcutaneously, 3 
developed sloughs. 

Stewart (1948) in Gold Coast Colony found ‘1553’ to be sufficiently effective to 
be used as a routine measure in the treatment of T. congolense and T. vivax infections 
of cattle in that locality, although it was valueless against T. brucei infection. Ferreira (1948 
also records having found the drug highly effective in the treatment of animal trypanoso¬ 
miasis in Portuguese Africa. Hobday (1945, 1947) and De Kock(1949) mention having 
successfully used both‘897’ and ‘1553’ in the treatment of bovine trypanosomiasis in 
Northern Rhodesia and Union of South Africa respectively. 

(b) Phenanthridinium ‘1553* 

Carmichael and Bell (19446) published some observations on the use of ‘1553’ in the 
treatment of T. congolense infection in zebu cattle. A 1 per cent solution of the drug could 
be obtained at room temperature, while a 4 per cent solution could be readily prepared 
when hot water was used. Its greater solubility made the drug more suitable for U3e than 
‘897’. They performed 2 experiments. In the first, they infected a group of 20 cattle and when 
they had developed anaemia and showed loss of condition with numerous trypanosomes in 
the circulating blood, they were administered a 2 per cent solution of ‘1553’ at a dose of 2 
mmn. per kilo. Four animals were injected intramuscularly and 4 intravenously; all the 8 
were cured. Twelve were injected subcutaneously and of these, 8 were cured and 4 relapsed 
between the 13th and 2 itli day after treatment. These relapses were re-treated successfully 
with the same dosage given subcutaneously. In the second experiment, 19 chronic cases were 
treated subcutaneously with varying doses of the drug as follows, (i) At 1 mgm. per kilo. 4 
with 1 per cent and 4 with 2 per cent solution, (ii )At 1-5 mgm. per kilo 4 with 1 per cent 
and 4 with 2 per cent solution. {Hi) At 2 mgm. per kilo. 3 with 1 per cent solution. Cure was 
obtained in all the 19 animals. The authors were unable to investigate the toxicity of ‘1553* 
for cattle, but they believe this to be low. In a paper published a year later, Bell gives 0*8 
mgm. per kilo, as the minimum curative dose. 

Randall and Beveridge (1946) carried out some toxicity tests with ‘1553’ on cattle and 
found that a do 3 e of 2 mgm. per-kilo, was highly toxic under field conditions in Uganda, 
for nearly all of a batch of 147 cattle developed symptoms of photosensitization after this 
dosage and 41 of these died from the toxic effects of the drug. In a further note, Randall 
and Beveridge (1947) give an account of 2 toxicity trials with ‘1553’ carried out on 8 zebu 
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Table ' x 

drug was in each case administered on ->.l). 

Table IX 


Animal 


Dosage 
in mgm. 
per kilo. 



1 

2 

3 

4 
o 
6 

7 

8 


2 

2 

3 

3 

4 
4 

4 

5 


Route of 
adminis¬ 
tration 

• 

First symp¬ 
toms of photosensiti¬ 
zation 

Results 



Died 14.III 

Subcutaneous 

Intramuscular j 

15.Ill 1 

Slow recovery 

Subcutaneous 

18.Ill 

Do. 

Iotramuscular 

15.III 

Do. 

Subcutaneous 

18.Ill 

• 

Died 9 .IV 

Subcutaneous 

Intramuscular 

16.Ill 

Died 12.Ill 

Destroyed 2. IV 

Subcutaneous 

8. Ill 

Destroyed 30.Ill 


All d» animals ^ neg.tiv. for 1^.“ 

suffered a striking loss of weight, as would a PP e administered to 3 non-infected cattle 

r.ssr *• 

smallest dose slowly recovered and the othei two died on ). . < 

Stewart (1946) in Gold Coast tested the efficacy of ‘1553’ under field conditions on 
67 cattle, of which 31 were infected with T, congolense, 21 with ^ 

theileri. In addition, he treated 2 horses infected with T. vivax rh 1 0 ‘ ^ 

of 2 mgm. per kilo, administered intravenously. Cure was obtained in all oa*sw tn me 

occurrence of any toxic symptoms. It is to be noted that the be he 

in excess of 0-8 mgm. per kilo., whichhad been found by Bel ; t0 be tlie 

minimum curative dose. He found that tlie drug had 'an excellent tonic elfcc 1. 

Barnett (1946) used ‘1553’ at a dose of 1-25 mgm. per kilo, iutramu cularly m the 
treatment of 6 cross-bred zebu European cattle. Sterilization occurred in each caw but 
4 of them relapsed and were cured with a 2nd dose of 2 mgm. per kilo. According to Barnett a 

observation, ‘the solution is very irritant’. 

Randall and Laws (1947) have published some experimental observations to show that 
‘1553’ to be effective is best administered, not in the early stages of 1 . comj ok use infection, 
but when the disease has established itself, ‘indicating that immunity reactions pio >a) y 
play an essential part in assisting the action of the drug . Their observations, v uc weie 
made on a batch of 69 cattle, are summarized in Table X. The drug was used by them in 
65 of the -animals in doses of 0*8 mgm. to 1*5 mgm. per kilo, in a single injection, n -j 

M/P2ICAR—17 
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animals, the dose was 0-8mgm. per kilo, repeated after 14 days; in one, 0-4 mem ner 
fntervX ate<1 aftCr 7 ^ “ another ’ 0-2 m gm. per kilo, repeated 4 times aWeekly 

Table X 


Results of treatment with ‘1553’ in cattle infected with T. congolense 


Number of cattle 

Interval in days between 
infection and treatment 

| Result 


Cure 

Relapse 

2 

0 


2 

1 

2 

— 

1 

1 

4 


1 

1 

6 

1 


1 

8 

— 

1 

8 

15 

| 

» 

6 

2 

7 

24—30 

7 


4 

33 

* 

1 3 

• 

i 

i 1 

44 

38—117 

44 

1 

1 


Of the « relapses, 2 were successfully re-treated with ‘1553’ at 1 mgm. per kilo, and 1 died of 
acute infection following re-treatment with the drug. The other 5 animals failed to respond 
to injections of ‘1553 , but m 2 of them the infection appeared eventually ‘to have been 
thrown off spontaneous ly’ and they progressed to recovery. The remaining 3 animals were 
su bjected to a course of treatment with stibophen; 2 recovered and 1 died. The main conclu¬ 
sion drawn by Randall and Laws from these observations is that “ ‘phenanthridinium 1553* 
is the most valuable drug at present available for the treatment of T. congolense infection in 
cattle” and that “a single dose of 1 *0 to 1 *5 mgm. per kilo, is very effective in the treatment 
of fully developed infections and is unlikely to give rise to photosensitization or troublesome 
local lesions”. In the paper by Randall and Beveridge (1947, supra), it had been stated that 
the usual dose of ‘1553’ in Uganda was 5 ml. of a 1 per cent solution per 100 lb. body weight 
or 1*1 mgm. per kilo. Concerning relapses which occurred in the course of experiments 
carried out by Randall and Laws, it may be stated that, in the report of Agricultural 
Department of the Zanzibar Protectorate for 1944, relapses after phenanthridinium are 
referred to as of more infrequent occurrence than with tartar emetic. 


Crawshaw (1947) in the Bechuanaland Protectorate, investigated the prophylacrtic value 
of‘1553’ against T. congolense and T. vivax infections in cattle. The dosage of the drug was 
2 mgm. per kilo, administered subcutaneously. Two groups of 3 animals each, after 
receiving an injection of ‘1553’, were grazed in a fly area for a period of 9 and 14 days res* 
pectively. None of the animals developed the infection during an observation period of 206 
days in the case of the 1st group and 167 days in the case of the 2nd. Two controls were kept 
in each of the two experiments and all became infected with T. congolense and T. vivax and 
later successfully treated with ‘1553’. The drug was found to be less active against T. brucei „ 



KteTiwS “8 1 ’S»t' °4h Tirol. Li hi. result. «« ~™.d m T.ble X . 

Table XI 


Anim al 


1 

2 

3 

4 
6 
6 

7 

8 

Control 

Control 



6 

6 

4 

4 

3 

3 

3 

3 


erval between 
njections 

Period during which 
blood smear negative 

Interval between 
last drug injection 
and first appearance 
of parasites in blood 

7 days 

46 days (died) 

Negative 

7 „ 

41 days 

Do. 

14 „ 

70 „ 

28 days 

14 „ 

106 „ 

63 „ 

21 „ 

70 „ 

28 

21 „ 

70 „ 

28 „ 

28 „ 

134 „ 

77 „ 

28 „ 

134 „ 

; 77 „ 

1 

— 

49 „ 

— 

— 

42 „ 

■ 


Tt would appear from the above tapie uwi o m ^uuiw -x — 0 - ", .. , 

capaWe of conferring protection for 134 days. No difference in the prophylactic action 

of ‘1553’ was observed whether it was given subcutaneously or intravenously. 

Wilson (1947) at Entebbe (Uganda) carried out a series of observations on the curative 
value of ‘1553’ in artificial T. congolense infection in cattle. The animals, which were o4 in 
number, received the drug intramuscularly or intravenously, but not subcutaneously, and 
on this point he writes: ‘In a small preliminary experiment carried out in February, 
1947 the reactions to subcutaneous injections were never serious, but this route was 
not considered suitable for field use and was not tried in this experiment . He used the drug 
in a 3 per cent solution and at the dosages of 1, 1 - 5 and 2 mgm. per kilo. Three animals 
were treated intramuscularly and 3 intravenously with each of the three doses, 14, 24 and 
34 days after the infective inoculation. Cure was obtained in all cases (observation period 
24 weeks), with the exception of 7 animals, particulars of which were as follows: Three relaps¬ 
ed after receiving the drug at 1 mgm. per kilo., 14, 34 and 34 days respectively after the 
infective inoculation; 3 others, treated 34 days after infection, with 2 mgm., 2 mgm. and 
1-5 mgm. per kilo, respectively showed signs of drug intoxication and either died or were 
destroyed in extremis ; the 7th recovered after developing symptoms of photosensitizat ion. 
Wilson records having observed a period of depression, characterized, uiter alia, by loss of 
weight in a proportion of the animals 70 to 80 days after they were infected. 

Ferreira (1948) found phenanthridinium to be the most effective in the treatment of 
T. congolense, T. vivax and T. brucei infections in domestic stock, this conclusion being 
based upon his experience in dealing with neary 334,000 infected animals in Portuguese 
African territories. 
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Piat (1948) claims to have used ‘1553’ successfully, in a single intravenous dose of 2 
mgm. per kilo., m the treatment of horses and cattle infected with T.vivax , although the 

injections were followed by transitory symptoms of shock. 

_Wilde ( 1 949) experimentaUy used bit* ‘1553’ and ‘897’ in the treatment of zebu 
cattle infected with T. congoleme in the Veterinary Research Laboratory, Mpwapwa, 
Tanganyika Territory. ilde s mam observations are summarized in Table XII. 

Table XII 

^ t% t k ■; j : - * • - » / 

Results of treatment of congolens e-infected cattle with ‘1553’ and ‘897’ 

, (Wilde, ] 949) 


Drug 


Numer of 
animals 


Dosage 


Route of 
a d ministrati on 



Relapses 


‘1553’ 17 naturally 

infected 


‘1553’ 57 arti ficially 

infected 


‘897’ 


1-5 mgm. per kilo, 
in 0-5 per cent 
solution and 0-75 
mgm. in 0-25 per 
cent solution 

1*0, 1-5 and 2 mgm. 
per kilo, in 2 per 
cent solution. Injec¬ 
ted between 10 to 
30 days of showing 
trypanosomes 

Do. 


Subcutaneous or 
intramuscular. 
Severe local reaction 
with former; slight 
with latter 


Intravenous or 
subcutaneous or 
intramuscular. Local 
reaction more pro¬ 
nounced wiTh sub¬ 
cutaneous injection 


Do. 



2; recovered on re- 
treatment with a 
single dose 


None 


Do. 


Wilde recommends 1 gm. per kilo, in 2 per cent solution as suitable in the held and he 
considers the intramuscular route for the administration of the drug as the most satisfactory. 
He gives a warning regading the instability of solutions of ‘1553’, as shown in an earlier paper 
by Beakbane and himself (Vet Ree. y 60, 31; 1948). 


During 1947-48, Evans (1950) carried out a mass treatment of cattle with ‘1553’, over 
an area of 30,000 square miles in Anglo-Egyptian Sudan, where death rate among these 
animals due to T.congolense and T. vivax had been estimated to be about 10,000 per month 
in 1947. He used the drug subcutaneously in a 2 per cent solution at a dose of 1 mgm. per 
kilo. As a result of this campaign, the death rate was reduced to about 1 per cent after 
12 to 18 months. Severe local reactions were, however, produced in 3 to 4 per cent of the 
animals following the subcutaneous injection. 

Deom (1950) used ‘1553’ intramuscularly on 25 cattle in a 1 per cent solution, at a dose 
of 1 mgm. per kilo. After 5 minutes to 28 days, he inoculated T. congolense to 12 of them 
and T.vivax to 11, while 2 animals were given both species of parasites. All resisted infection. 

An observation of special interest to workers in India is that recorded by Daudet 
(1950) on the treatment of 50 cases of equine surra with ‘1553’. He used the drug intraven¬ 
ously at a dose of O’002 mgm. per kilo, and recovery was obtained in 48 j of them; the 
remaining 2 died of what would appear to be the toxic effects of the drug. 
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In an anonymous co mmu^ c ation p ubLshe d ^^6 an outbreak 

Leopoldville (Abstr. m Vet B ^’^ ey T c Jg£se and T. vivax infections-in Son^n 

of trypanosomiasis— evidently of • ong ^ block treatment was adopted with 

BboE al.ctog l.*m >>e“d m Jtedj *,<fj tfc ^ Ib „ 1{ . The number 

of deaths 2 months after the ^eatment w J g J! p(jgitive for trypanosomes 1 month 

*,t» ‘”f ”"'h »?24 .meer. eu.mmed 8 mouth, aft., treatment were 

later, while all of a batch o d with <1553 - 8 bow a much greater 

According to Herin (1952), cattle ^ infection, and in the former case 

susceptibility to do otherwise. Relapses are stated by him to be more 

^ — 1 T '*“. . . I( ., ld 

Mols .ad Lenaerts <I 9W *'““^‘kao'They^t^Th^dW suborfiously at 5 
with T.simiae and weighmg 15 to 20 iuio. mey j 

mgm. per kilo. ^wn^nsitization in cattle after treatment 

Several workers report the occ ™ ence 0 f ead mellt ioned, RandaU and Beveridge 

with phenanthridimum compounds. A 1 ^ ^ ^ course of their tri l , with 

(1946) noticed the occurrence of these to J P t wit h ‘1553’ was followed 

by symptoms of photosensitization to dygfurl ction has been caused by 

photodynamic substance in th as having shown that such photosensitization 

dimidium bromide’. He cites' that have received the drug 

at a dose of 3 mgm. perkilo. or local lesions. Baeten (1951) 

per kilo, of ‘1553 is not occurrell P ce of photosensitization after dimidium chloride in 

iThowev.r, were more am«m.ble to * h “ * d “ 1B ' 

bties of photosepeitization and produetronof dr jf ob „„ ationa . PboLcnsitimtion as 

graph has not been able to ^ mentioned by Thorold and Plowright 

a sequela to treatment of cattle with loM is also m y ^ t he 

( 1952 ) and by Slight ^duced liver dysfunction in 

‘type™ »«>« subepithelial tissues of .be mrwle; this became dr.er 
than normal and exuded droplets of serum which coagulated into flakes. 
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CHAPTER XV 


Antrycide 


A.S R Ste 3 to th L\heleaXg S S.NatJre of Jan. 15, 1949, it is stated that the 
jointly on the 29th December J D (1949) ‘after considerable chemical 

basfsstss KSSS3S. Ui<—• *— 

advance in the chemotherapy of animal trypanosomiasis. 

in Table XIII. 

Table XIII 


trypanocidal action of antrycide 



D086 

(mgm. per 
kilo.) 


25 

12-5 

5 

2-5 

1*25 

1-0 

0-5 

2-25 

0-125 


T. rhodes- 
tense 
(Tinde) 


G 

C 

C 


T. brucei 
(Liver¬ 
pool) 


C and R 
R 


T. congo- 
tense 

(Bhusimbi) 


T. evansi 
(India) 


C 

C and R 
R 

R and DD 


C and R 


T. evansi 
(Sudan) 


T . equi- 

■perdum 


C and R 
C and R 


R 


C 


C 

C and R 


T. equi 
num 


C 

C 


C and R 


C=Cure: blood freed from trypanosomes for 28 days. 

R= Relapse: blood freed from trypanosomes temporarily, appearing again within 28 
days. 

D D z t Delayed death: blood not freed from trypanosomes. In all experiments the 
drug was injected subcutaneously. 

It is noteworthy that Curd and Davey mention a Kenya strain of T.congolense as 
having shown marked resistance to the drug, for ‘a dose of about 2-5 mgm./kgm. was 
required to produce consistent cures in mice’. 
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Busili! tested ; the P^phylactic action of antrycide chloride in mice against a 

train of T. congolense and the results were as given in Table XIV. 

Table XIV 

ResuUs of tests on prophylactic action of antrycide chloride against T. congolense infection in 


mice 


Dose 

1 (mgm./kgm.) 

Interval between 
dosing and challenging 
(days) 

Result 

25 

14 

10/10 P 

12-5 

14 

8/8 P 

5 

14 

4/11 P. 7/11 1 

25 

28 

8/8 P 

12-5 

28 

8/8 P 

5 

28 

8/8 / 

12-5 

42 

2/0 P. 4/6 / 

' .. 5 - 

42 

8/8 I 


The above trials were made on mice. 

P=Completely rProtected*. no trypanosomes in blood 28 days after challenging 


1 ‘ InC iS te i protection, judged by delayed death as compared with controls. 
10/10-10 out of 10 ammals tested upon, 4/11 out of 11' animals tested 
upon, etc. Antrycide had no action on T.cruzi . 

Curd and Davey also report having found antrycide curative for T.congolense, T.vivax 
and T.brucei infections m cattle; T.brucei infection in horses, donkeys and dogs; and 
T.evansi infection in camels. Further, antrycide was found by them to give ‘considerable 
protection’ to cattle against infections with T.congolense and T.vivax. In an a^rticle 
(Brit. med. «/., 11 June 1949, pp. 1046-47) based upon an address by Davey, antrycide is 
stated to confer protection on cattle against trypanosomiasis for at least 4 to 6 months, but 
this statement failed to receive confirmation. 


Relating the circumstances immediately antecedent to the discovery of antrycide, 
Curd and Davey (1950) stated that among earlier trypanocidal drugs, the amino quinoline 
derivatives—to which Surfen C belongs—seemed to them to merit exploration. By linking 
this type with the pyramidine nucleus, which they had previously explored in their investi¬ 
gation of anti-malarial drugs, they eventually developed the class of antrycide salts. 


In the communication mentioned above, Curd and Davey (1950) state that antrycide 
comprises 2 salts, both highly trypanocidal in action but acting in 2 different ways. One is 
antrycide methylsulphate which is readily soluble in water and the other antrycide chloride 
which is only slightly soluble in water. In practice, a mixture of the 2 salts—the so-called 
‘pro-salt’—is injected subcutaneously, so that the soluble portion of the mixture rapidly 
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itoation and the destruction of potential parasites is thus achieved in one operation. 

Aatrycide is stated by Curd and Davey to be 4 -amino- 6 -( 2 -amino- 6 -m ethylpyramidyl - 
4 -amS quinaldine-1 : 1-diametho salts. Its chemical constitution is given by them as 
/> 11 


follows: 



4- -h 


2X[X=C1 ,Br,I,S0 4 CH 3 &c] 


IS 

in 


Spinks (1950) has published some important observations on the absorption and persis¬ 
tence ofantrycidein the circulation. According to him, the solubility of the methylsulphate 
about 300 times that of the chloride, and the former is rapidly absorbed, its concentration 
_ the plasma being proportional to the size of the dose injected. On the other hand, the 
chloride is only partially absorbed, the undissolved portion, as mentioned above serving as a 
reservoir of the salt. It is noteworthy that the concentration of the sulphate m plasma falls to 
about 400th part of its original in 24 hours. Both salts after injection remain in high con¬ 
centrations in the liver and in the kidney where they can be found for weeks. According to 
Lourie and Walker (1951), antrycide' gives a sharp peak in blood concentration on the 
height of which survival of the host depends. Trypanosomes are readily killed at levels in 
the blood lower than those which kill the host.’ 


Goodwin and Walls (1950) found the phenanthridinium derivative dimidium bromide 
somewhat more active in mice than antrycide, when tested by subcutaneous or intraperito- 
neal injection, against 2 strains of T.congolense , but they refer to the possibility that the 
discrepancy was due to their having used strains different from the one employed by Curd 
and Davey. Further, they found antrycide methylsulphate 3 times as toxic as dimidium 
bromide when used subcutaneously, but equal in toxicity when given intravenously. 
Andrianne (1952), working in Belgian Congo, found antrycide salts to be of low toxicity 
and also effective both for curative and prophylactic purposes. 


Roubaud and Bourdie (1950) found antrycide curative for rats and mice in doses of 
2*5 mgm. per kilo, against T.brucei , T.congolense and T.evansi. Some relapses, however, 
occurred in mice even after doses of 5 mgm. per kilo., but only in the case of massive infec¬ 
tion, when the flagellates were particularly numerous in the blood at the time of treatment. 
Roubaud and Bourdie’s protocols are given below (the dosage of drug shown was per kilo, 
body weight): 


1. T.brucei. A.Mice.—8 infected on 6.XII; all positive on 10.XII. 3 received the 
sulphate at 2*5 mgm., 3 others at 5 mgm., the remaining 2 being kept as 
controls. On 12.XII the treated ones were negative for parasites. The 
controls died by 14.XII. One of those given 2 • 5 mgm. relapsed 43 hours after 
treatment. 
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B. Rats.— 7 infected on 14.1; all positive on 17.1. 2 received drug at about 2 mgnu 
The control died on 18.1. The treated ones were negative by 19.1. 

2. T.congolense. A. Mice.—7 infected on 29.XI; all positive on 2.XII. 3 received 

drug at 2 • 5 mgm. and 3 at 5 mgm. 1 left as control and it died on 5.XII. 
By 6.XII all treated ones negative. 2 of the mice treated with 5 mgm. relapsed 
after 16 and 44 days respectively and one of those that received 2*5 mgnu 
relapsed after 42 days. 

B. Rats.— 6 infected on 17.1. 5 treated with 2 mgm. on 22.1 on appearance of 
parasites in blood. 1 kept as control and it died on 24.1. No relapse in 
any of the treated ones. 

8 infected on 9.II. 7 treated on 13.11 on appearance of parasites in blood. 1 kept 
as control and it died on 15.11. No relapse observed in those treated. 

3. T.evansi. A. Mice.—7 infected on 28.XI. 3 received drug at 2*5 mgm., 3 at 5 

mgm. and 1 left as control. This last died on l.XII. The treated ones negative 

of those treated with 2 • 5 mgm. 

ment and died on the 31st day; another relapsed 3 days after treatment and 
died on the 37th day. 

B. Rats.—7 infected on 13.1. 6 treated on appearance of parasites in blood and 
1 kept as control. It is not stated whether the control died. 3 received drug 
at 2 mgm. and 3 at 5 mgm. The treated ones negative the following day. No 
relapse. 

5 infected on 21.1. 4 received drug at 2 mgm. and 1 kept as control. The treated ones 
negative and no relapse. Control died. 


by 3.XII. One 


relapsed 28 days after treat- 


These workers subjected a goat to the bites of Glossina calliginea and as a result the 
animal showed T.vivax and T.congolense in the blood on 15.XI and 21.XI respectively. The 
condition of the animal became very bad and on l.III it received drug at 5 mgm. It subse¬ 
quently steadily progressed to complete recovery. 

Roubaud and Bourdie tested the prophylactic value of antrycide chloride against 
T.equinum and T.evansi when the drug was injected at 5 mgm. per kilo. 8 inocu¬ 
lated with T.equinum 12 days after receiving the drug failed to develop the infection. 
The control died. Their results with T.evansi were as follows: 

I. 5 rats inoculated with parasites 22 dayfe after receiving drug. None developed 

infection. Control died. 

II. 3 rats inoculated with parasites 37 days after receiving drug. 1 died 

after 40 days without showing parasites. 1 died after 66 days and the 

3rd after 83 days, both of these showing large numbers of parasites in blood. 

Control died. 

3 rats received drug on 2.II and infected on 20.III. All without parasites 
on 5.V; 1 died on 6.V without showing parasites. 1 showed parasite on 19.V 
and continued to do so till 16.VL The third negative. Control died. 

TV 4 mice received drug on 2.II and infected on 11.III. 2 showed parasites on 
14 JII; 1 died on 22.III and the other 25.III. The 2 others showed numerous 

parasites on 30.111. Control died. 

V 4 mice received drug on 2.II and infected on 20.III. Ail showed numerous 
parasites on 25.III. 2 died shortly afterwards and the other 2 continued to 

show massive infection till 30.III. 


III. 
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Uganda and Kenya. This account is summarized in Table XV. 

6 - TABLE XV 

Results of prophylactic tests on cattle with an'rydde against T. congolense and T. vxvax 
J r infections 


Number 

of 

cattle 

Drug per kilo 

Result 

10 

2 gm. methylsulphate 

3 found infected 11 weeks after 

10 

1»6 gm. chloride 

1 found infected 12 weeks after 

12 

1*5 gm. methylsulphate and 0*5 gm. chloride 

None found infected 12 weeks after 

11 

1*5 gm. methylsulphate and 1 gm. chloride 

None found infected 12 weeks after 

11 

1 • 5 gm. methylsulphate and 2 gm. chloride 

None found infeoted 12 weeks after 

10 

methylsolphate (dose apparently 1*5 gm.) 

1 found infected 9 weeks after 


Davey refers to laboratory experiments as having indicated that relapse strains show only 
a small degree of resistance to treatment with antrycide. He states that, while the dose 
of methylsulphate for use in the field is 5 mgm. per kilo., a dose up to 12 mgm. per kilo, 
is safe, the former dose having been used with consistent success in the treatment of 200,000 
cattle in Sudan. Davey recommends methylsulphate only foi curative purposes. 

Tobback (1950), Veterinary Counsellor to the Ministry of Belgian Colonies, had a series 
of extensive experiments carried out with antaycide methylsulphate in the treatment of 
bovine trypanosomiasis in Belgian Congo. The results of these trials were as 
follows: 
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Region A 

Series I. All naturally infected with T. vivax . 

Cow 1. Weight 300 kilo. Emaciated, anaemic, with hypertrophied ganglia. 

6.VIL49. Subcutaneous injection of 1*6 gm. methylsulphate in 10 per cent solu¬ 
tion. 

8.VII.49. Died. 

Cow 2. Weight 325 kilo. Condition as above. 

6.YII.49. Injected drug as above. 

11.VII.49. Blood negative. 

18.VII.49. Blood negative. Died. 

Cow 3. Weight 425 kilo. Condition good. 

6.VII.49. Injected 2 gm. methylsulphate. 

25.VII.49. Blood negative. 

Series II —2 heifers naturally infected with T. conqolense , each weighing 250 kilo. 

14.VII.49. Subcutaneous injection of 1 gm. methylsulphate. 

22 and 26.VII.49. Blood negative. 

Region B 

Series I. A batch of 28 animals naturally infected with T. congolense and T. vivax were 
treated with methylsulphate at 5 mgm. per kilo, in a 10 per cent solution. The ani¬ 
mals comprised 12 cows, 4 bull calves, 11 heifers and 1 bull. 7 of the animals had 
been weakened by the disease, but the others were apparently in good condition The 
post-treatment observation period was 49 days in 7 animals, 37 days in 10 animals 
and 24 days in 11 animals. Death occurred in the case of 1 cow with T . vivax infec¬ 
tion and 1 heifer with T. congolense infection; the remaining 26 animals progressed 
to recovery. 

Series II. 11 bovines naturally infected with T. congolense treated with methylsul¬ 
phate, by subcutaneous, intramuscular or intravenous route, at 5 mgm. per kilo., 
2*5 mgm. per kilo, and 1*2 mgm. per kilo, respectively, in solutions of 1 or 2 per 
cent. All effected a recovery except 2, one of which died of theileriasis and the other 
in the process of intravenous injection. 

Series III. 11 bovines naturally infected with T . vivax treated as above. All effected 
recovery except 3; 2 of these 3 died of suspected theileriasis and anaplasmosis and the 
3rd of ‘en hypothermie; suspicion theileriose’. 

Region C 

Series I. 9 bovines naturally infected with T.congolense and 2 with T . vivax treated 
with methylsulphate at doses varying from 5 to 7 mgm. per kilo. The longest post- 
treatement observation period was 34 days (the route of injection not stated). Re¬ 
covery was obtained in all except 1 cow which died, a month after treatment, of an 

undiagnosed disease. 

Series II. 22 bovines naturally infected with T . vivax and 10 with T. tiongolense 
injected by the subcutaneous route, with methylsulphate at a doseof 5 mgm.j)er kilo. 
4 of the treated animals appear to have died without it being possible to perform an 
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Guyaux (1950) records the results of a series of trials carried out by him in Belgian 
Congo TtTe treatment of T. congolense and T. vivax infections m cattle by the subco- 
tane 8 ous injection of the methylsulphate, used at 0-5gm.per <5to 100 kilo., 1 p m. per 100 
to 200 kilo, and 1-5 gm. per 200 to 350 kilo. From the particulars given by him, it1 would 
appear that, while antrycide cleared the circulation of T.congolense in 4 to hours,-it 
took 12 to 48 hours to do so in the case of T.vivax infection. The injection of the drug was 
followed by the occurrence of severe local swellings, mappetence and sometimes diar¬ 
rhoea, while, in one instance, death resulted after an intravenous injection of 1 mgm. of 
the drug per kilo. The net results of 5 trials were as follows: (1) 55 T.congolense cases 
were cured but about 8 per cent relapsed after 5 months; 15 T.vivax cases were cured with 
about 7 per cent relapses after 1J months. (2) 32 animals infected either with T.congolense 
or T.vivax were cured, with 3 relapses. (3) Similar results in 22 artificially infected animals. 
(4) 64 relapsed or reinfected animals or previously treated with dimidium bromide were 
cured by antrycide and remained free from parasites during an observation period of 84 
days. (5) All of a group of 100 graded cattle infected on exposure to tsetse bites were cured 
after 1 injection, apparently without the occurrence of relapse in any of the animals; 
in those placed in fly areas, re-infection occurred in 30-120 days. According to 
this worker, antrycide is the most effective drug for use in bovine trypanosomiasis. 
Jezierski (1951) likewise refers to the drug as being highly effective in the treatment of 
trypanosomiasis of cattle, sheep and goats. Ferreira and Tendeiro (1950), working in Portu¬ 
guese Guinea, used with almost uniform success a single dose of 1 mgm. of the methyl- 
sulphate per kilo, in the treatment of 13 cattle, 7 horses and 1 donkey. Of these 21 ani¬ 
mals, 18 were infected with T.congolense and 1 each with T.vivax, T.brucei and an 
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undetermined species of trypanosome. None of the animals relapsed during a post-treat¬ 
ment observation period of 6 to 9 months, except in the case of a congolense-wfected cow 
which died 34 days after the injection, although the results of blood smear examination 
in this case were negative. Animals artificially infected with T.congolense were likewise 
successfully treated. A dog after receiving an injection of antrycide (apparently the 
chloride) ‘lived for 6 months after being inoculated with 5 c.c. and re-inoculated (after 
16 days) with 10 c.c. of the blood of a dog with T.congolense ’. 


Perhaps the most valuable testimony to the efficiacy of antrycide is provided by the 
minutes of the Conference of the International Scientific Committee of Trypanosomiasis 
Research held at Antwerp in June 1950 (Abstr. in Trop. Dis. Bull., 48, 338; 1951). In this 
conference antrycide was declared to be the most effective drug for therapeutic purposes, 
although its prophylactic value still remained to be finally determined. The conference 
referred to its high cost as its drawback. A similar testimony—this is in regard to the pro¬ 
phylactic value of the drug—is contained in an undated report (published from Leopold¬ 
ville, Belgian Congo) of the proceedings of the Third Session of the International Scien¬ 
tific Committee held in June 1951. The drug used is stated to be methylsulphate, the 
locality of experimentation being Mozambique. The same session would appear to have 
appointed a sub-committee of veterinary officers to report upon the position in regard to 
the use of antrycide and dimidium bromide in the treatment of animal trypanosomiasis. 
The main findings, of this sub-committee were as follows. In the recommended dose of 5 
mgm. per kilo, for antrycide methylsulphate and 1 mgm. per kilo, for dimidium bromide, 
the cost of the former comes to about 3 times that of the bromide, which latter is, therefore, 
the drug of choice for use in the case of animals of small value. Furthermore, the 
bromide is more easily prepared and better tolerated. On the other hand, delayed 
poisoning has been reported after dimidium bromide. Antrycide is effective against 
T.evansi in camels and partially so against T.brueei and T.simiae. None of these 3 species 
of trypanosomes is amenable to treatment with dimidium bromide. Prophylactically the 
pro-salt (containing the methylsulphate and chloride salts in the proportion of 1*5:2) is 
distinctly superior to dimidium bromide, for the former confers protection for at least 2 
months after a single injection, as against 1 month’s protection conferred by dimidium 
bromide. The sub-committee stresses the importance of the fact that, in order to obviate 
the possibility of the production of antrycide-fast strains, the drug should not be pro¬ 
phylactically injected at longer than 2 months’ interval. 


Pellegrini and Bonelli (1951a) in Somaliland tested the efficiency of antrycide in the 
treatment and prevention of trypanosomiasis both in the laboratory and in the field. It 
would appear that they used the drug on several species of animals, including cattle, 
horse*, mules, camels, sheep, dogs and cats, the species of trypanosomes involved being 
T.congolense , T.vivax , T.brueei , T.evansi and T. simiw. The pro-salt is stated to have con¬ 
ferred protection for a maximum of 6 months. What would appear to be an account of 
these authors’ same observations, was published in another paper (Pellegrini and Bonelli, 
1951?>), which the compiler of this monograph has been able to consult in original. They used 
the methylsulphate in the following doses for larger animals, the drug being used in all 
cases in a 10 per cent aqueous solution: Animals weighing up to 150 kilo, at 5 mgm. per 
kilo.; those weighing from 150 to 200 kilo, at 1 gm. per dose; . those weighing from 200 to 
350 kilo, at 1*5 gm. per dose; and those weighing from 350 kilo, at 2 gm. per dose. Dogs, 
cats, sheep and goats were injected at 5 mgm. per kilo, in a 1 per cent solution. In all cases, 
the drug was administered by the subcutaneous route. Antrycide did not provoke any 
general reaction in the majority of bovines, except for frequent ptyalism, accelerated rest 
piration and lachrymation, all of which, however, soon disappeaiod. There were symptoms 
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this being particularly noticeable in th^borse. in death . The local inflamma- 

™ ’ S&TMS o. the therapeutic «•—<■ ™» “ ' 

T, congolense 

Bovines. 20 adults and 8 calves. AlUhe a ^ U ^i^nlt* bt determined. Immediately 
unexpectedly while grazing; the cause „ area and trypanosomes re-appeared in 8 of 
after treatment, the animals were kept m fly^ jJJ e> 2 T.vivax and 1 an umdenti- 

themin 69 to 119 days after tr eatmen^-5 • subjected to a second treat- 

t°h f e 2h^at^o= with the pro-salt. Cure was obtahied in all 

CaS6i camels 2 infected animals treated with a single injection and both cured. 

Z 4 animals treated. 1 *ed some hours after treatment; the others were 

'""step. 8 treated. 1 died4hours end a secoud 36 hours utter treatment; the 

single animal, 

S^ie 26 d™. 8 tl« beh.gpl.ced in . fly urea. It was successfully treated w,th . smgle 

injection of the methylsulphate. 

T.vivax 

D . i treated and all sterilized in 24 hours after drug injection. In 1 the 

Bovims. 10 adults treated ^ ^ ^ day . after treat ment; 2 died, 13 and 16 

£££JSSrS»l a thud 4 months, utter treatment. The cause of death in these cm*. 

was undetermined. 


Camels. 4 successfully treated. 1 died of purulent peritonitits. 

Doas 4 experimentally infected. All cured, but one died of filariasis. One of the 
dogs was successfully re-infected with a different strain of T.emnsi but was again cured 

with antrycide. 


Cats. 6 experimentally infected by the oral and rectal routes. In 1 the drug failed to 
sterilize- in the others the parasites returned in 10, 11, 14, 42 and 66 days after treatmen ; 
1 died of trypanosomiasis 20 days after treatment. In the others the infection assumed a 
chro ni c form and was not affected by repeated treatment. 


T.brucei 


Bovines. 3 animals after being successfully treated were kept in a fly zone. 1 became 
infected after 119 days. The others remained in good condition. 

Solipedes. 1 experimentally infected horse and 5 naturally infected donkeys treated. 
All cured but the horse died 10 days after treatment and 1 donkey died 2 months later* 
Both were old and ill-nourished. 



136 




Camels 1 animal cured. Contracted T.ctmgoleme infection and died 68 days after 
being placed in a fly area, in spite of the fact that it had developed a benign form of the 
infection that had been controlled by antrycide. 

Sheep. A single animal successfully treated. 

Dogs. Z natural cases and all cured. 2 experimentally infected dogs also treated. Of 
these, 1 relapsed about 13 days after treatment; when re-treated with a double dose (10 
mpn. per kilo.), it died after showing symptoms of intoxication. The other, which relapsed 
after about 21 days, was given an intravenous injection of 0*5 gm. suramin and was 
only temporarily sterilized after this treatment; it showed periodic re-appearance of the 
parasites in its blood, although from the clinical point of view it was regarded as cured. 

T.simiae 

Camels. 5 naturally infected animals were successfully sterilized by the drug, 
but 4 of them died in quick succession 10 days after treatment. The 5th recovered. 

For prophylactic purposes, Pellegriui and Bonelli used the pro-salt and found that it 
protected for a minimum of 2 and a maximum of 6 months. 

Suter (1951) studied the protective action of pro-salt in 20 oxen, the drug being used 
at about 5 mgm. per kilo.; 20 other oxen were kept as controls. One of the treated animals 
showed trypanosomes in blood after 126 days’ exposure to fly bites, while after 7 months* 
exposure 15 of the treated and 46*8 per cent of the untreated showed the parasites. Ac¬ 
cording to Suter, the duration of protection conferred by the pro-salt on cattle against 
T.vivax is about 4 months. 

The value of the pro-salt as a prophylactic agent was well brought out in the 
course of 2 experiments carried out by Mornet, Lalanne and Cissoko (1952) on 2 batches of 
bo vines during their journey through a tsetse area. The first experiment was preformed on 
a group of 100 zebus; the distance covered by them was about 1000 kilometers over a 
pericJ of 51 days. In the second experiment, 120 animals travelled over a distance of 500 
kilometers over a period nf 31 days. In the first, the animals were divided into 5 equal 
groups of 20 each, the first 4 of these being dosed with trypadine (dimidium chloride), lo- 
midine, potassium, antimonyl tartrate and antrycide respectively; the fifth group was left 
as controls. Tn the second experiment, the 120 animals were divided into 6 groups of 20 
each, the first 4 of these being treated as in the preceding experiment, the fifth treated with 
suramin and the sixth left as controls. The main points that emerged from these experi¬ 
ments were : (1) the intravenous injection of drugs—such as in the case of dimidium chlo¬ 
ride and tartar emetic—was hardly practicable where a large number of animals were 
involved and in this respect antrycide proved most suitable; (2) the percentage of infection 
was insignificant at the time of commencement of the journey and became very high on 
aiTival at destination; (3) antrycide is the only dependable drug for absolute protection over 
a period of 1 month—a statement based on the result of the second experiment, the 
result of the first being inconclusive; (4) the preceding statement is supported by the fact 
that, while 70 per cent of the control animals were found infected on arrival, all the antry- 
cide-treated animals remained free from infection; (5) dimidium chloride was only 
.slightly inferior; (6) suramin, lomidine and tartar emetic were ineffective, the last causing 

death. 

Unsworth and Biikett (1952) used the pro-salt in protecting a herd of cattle during 
their journey through a tsetse belt in Nigeria. The pro-salt was used at 15 ml. per kilo., 
up to a maximum of 20 ml. per animal; 10 animals were kept as controls. These workers 
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thus Seto protection agaTst trypanosomiasis for 59 days to cattle travelling 
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d*s& f .«*>? oT t 

SrStKi. One of thSe work... (Un.wortl, 1952) »Iso attempted to 

of T simiae in pigs with the methylsulphate used at 3 to 5 mgm. per kilo. The 
piggery contained a herdof 23 sows'and 8 baconers and all died m quick succession m spite 
of the treatment. Antimosan was also unavailing in controlling the outbreak. 

In India the value of antyrcide salts was tested by Ray et al. (1953) on 116 cattle an 
21 horses naturally or artificially infected with T.evansi and this constitutes the only record 
of the use of antrycide in this country. They employed the methylsulphate and profit m 
doses from 3 mgm. to 14-8 mgm. per kilo.; there were no local reactions. Two groups of 33 
infected cattle efch were treated with the methylsulphate and pro-salt respective^ while 
33 others were kept as controls. When subjected to complement fixation test 3 months latei, 
all treated animals proved to be free from infection, while 48 per cent of the control animals 
were positive and 12 per cent doubtful. The drugs were administered m single subcutaneous 
injections. According to these workers, ‘the methylsulphate gives a residual protection 
and the pro-salt gives a solid protection for some months. They worked out the cost of 
antrycide treatment for an animal weighing 200 to 300 kilo, as approximately 25 per cent 
and 50 per cent of the cost of a course of suramin treatment, for methylsulphate and 

pro-salt respectively. . » , j 

Antrycide lias also proved effective in the treatment of dogs naturally infected 

with T. congolense. Alley (1951) successfully treated 5 such infected pariah dogs 

with the methylsulphate at 0-5 c.c. of a 10 per cent solution per 15 lb. body weight, 

2 of these dogs being ‘emaciated and unable to stand—1 was suffering from dysentery— 

and it was considered that any treatment would be of little use’. 

In view of their remarkable therapeutic and prophylactic properties, antrycide 

salts would have ranked as the ideal agents for use in animal trypanosomiasis if they 
had shown themselves to be free from.the drawback of producing drug-fast strains. 
Unfortunately this is not the case. Wilson (1949) in Uganda found that a single 
dose of 3 to 5 mgm. of the methylsulphate cured pigs infected with T . simiae. 
One pig, however, relapsed after 2 mgm. of the chloride per kilo, and resisted immediate 
treatment with a dose of 5 ^rngm. of the methylsulphate per kilo. He observes: 
‘the relapsed strain was considered, therefore, to have developed drug resistance in this 
short time*. In another experiment, 10 cattle injected with 2 gm. each of antrycide 
methylsulphate were exposed to tsetse bites. From the only animal that survived, 6 months 
later a strain of T. congolense was collected and sub inoculated into a 
healthy calf which, on developing the disease, resisted treatment with 5 mgm. of 
methysulphate per kilo. Six mice infected with the same strain were treated with the 
methylsulphate at 10 mgm. per kilo, and 2 of them relapsed 52 days later. Some were 
re-infected a few months after being cured with antrycide, but when re-treated with 
this drug ‘developed cryptic but nevertheless fatal infections*. Wilson obtained 
experimental evidence pointing to the conclusion that antrycide resistance also involved 
resistance to dimidium bromide. 

In discussing the relative merits of antrycide and dimidium bromide, Fiennes (1951) 
refers to his own experience as showing that the latter was more effective against 
T. congolense though not against T . vivax, a dose of 1 mgm. per kilo, having cured all of a 
MP2ICAH—19 



group of 7 cattle and a dose of 0 • 5 mgm. per kilo. 20 out of a batch of 33 cattle infected 
with T. congoler se. The strain of T. congolense was the same as that used by Davey in 
his antrycide work. He, however, concedes that ‘antryside, in many ways, is the best 
trypanocide yet produced.’He further points out that the recommended dose of antry¬ 
cide is 5 mgm. per kilo, while that of dimidium -bromide 1*2 to 1*6 mgm. per kilo, 
and this makes dimidium chabper for use in the case of large numbers of native stock. 
Antrycide, however, possesses the great advantage of lending itself for successful use 
against all spc cies of trypanosomes affecting stock in Africa. Fiennes stresses the com¬ 
plex nature of the problem of dealing, under field conditions, with chronic or ‘secondary* 
tryparosomiasis, which may often prove resistant to treatment, although the parasites 
concerned ere not drug-fast. In such cases, the condition may progress to a fatal issue 
without the parasites being present in the peripheral circulation, although they may even¬ 
tually be found in the cardiac muscles. According to him, ‘pathological symptoms and 
lesic ns may occur in the absence of blc od infection’. In any case, the suitability of a drug 
for general use does not depend on its efficacy alone. As pointed out in a note which 
appeared in the Bur. inter ofr. Tsetse trxyp ., 1951 (cited in Vet. Bull., Weybri'lge, 22, 458: 
1952), the question of the superiority of this drug over its near rival dimidium bromide 
will have to be determined on the combined basis of cost, dosage, mode of administration, 
reaction, toxicity and effectiveness. 


In a thoughtful article, Fiennes (1952) discusses the question of antrycide 
prophylaxis vis-a-vis the future trypanosomiasis of cattle in Africa. In reviewing the 
results of work carried out by him during a period of 3 years, the author first refers to 
the laboratory experiments of Davey (1950) as having shown that antrycide chloride, 
when administered subcutaneously at a dose of 10 c.c. of a 20 per cent suspension, con¬ 
ferred protection against T. congolense for 5 months and against T. vivax for 3 months or 
more. When, encouraged by these laboratory results, Davey placed groups of treated cattle 
in fly areas, many died within the space of a few months, often without showing parasites 
in the circulating blocd, although all clinical and post-mortem evidence pointed to the 
conclusion that the animals had died of a ‘cryptic’ form of trypanosomiasis. Those that 
survived eventually showed parasites in the blood and resisted re-treatment either with, 
antrycide or with dimidium. Two further groups of cattle prophylactically treated with 
antrycide, when exposed to tsetse bites, soon contracted T. congolense and T. vivax infec¬ 
tions, the majority dying within 3 months. Trypanosomes collected from them resist¬ 
ed the action of antrycide. 'It was possible to collect drug-fast trypanosomes from the 
area during a peried of 7 months by ‘introducing untreated cattle into the area after the 
removal of all treated cattle’. These observations point to the danger of unrecognized 
drug-fast trypanosomes being spread by flies from animals apparently, but not actually, 
cured by antrycide. The results of an experiment carried out by Fiennes showed that 

natural resi tance to trypanosomiasis could be induced in calves reared from ^ am f 
tected by antrycide in a tsetse area. Davey (1951) had admitted that, while the chloride 
was less toxic than the sulphate, it was more liable to cause the development of resistant 

strains. 


CHAPTER XVI 

Miscellaneous Drags 

T» Si.”—'M.S; 

Xmoreorless indications as to the lines on which future work in 

SfffeldKe<fc»v«7«f»?»»»■*“• A ° f *“* 

SddentaUy mentioned in the Introduction. 

Inorganic Salts 

a e„J Larthe (1935) mention Perla (1934) as having shown that the oral 

. SaZ ^Ln of copper sulphate for 12 days has a protective action against T. equvperdum 
t rats They themselves used an oily suspension of copper protox.de; in the 
^rnt ol rats Jected with T. brucei; they obtained only a temporary sterilization 

when the drug was used at 20 mgm.perlOO gm. 

The chloride of rhodium—a rare metal of the platinum group—was tested by Lagodsky 
(1938) for its trypanocidal action in mice when it was injected subcutaneously or intra¬ 
venously, but the drug proved of no value. 

A -n riT« 


A t> owxrrn A T.Q 


Castelli (1912) tested the efficacy of sodium cacodylate and arrhenal for nagana 

with disappointing results. . ... 

Inviewof the reported successful use by Lieurade (1934) of intravenous mjections 
of a combination of urotropine and tryparsamide, Van den Branden and Pettier (1934) 

tested it against T. Congolese in rats; the combmation appeared to possess no advantage 
over tryparsamide alone. 

Alkaloids 


Schuscha (1917) unsuccessfully used the sublethal dose of 0-001 gm, of emetine 
hydrochloride against T.equijperdumm mice. 

Opium alkaloids were tested by Macht and Weiner (1918) on T. brucei but they were 
found ineffective. Pavaverin—constituting about 1 per cent of opium—would appear to 
have been mainly the alkaloid used by them. It exerted an inhibitory action on the 
trypanosomes in vitro but it had no curative effect on rats infected with T. brucei. 

Quinine and its various preparations were, in the early days of chemotherapy, subj ect- 
e d to frequent tests in the treatment of trypanosomiasis and were not found altogether 
valueless, although they did not lend themselves for use as actual chemotherapautic- 
remedies. Morgenroth and Halberstaedter (19106) tested quinine against nagana 
mice and found that it was not trypanocidal but that it checked the multiplication of 
the parasites. According to them (1911a), hydroquinine is much superior to quinine. 
They (19116) further found that ethyl hydrocuprein, which is the next highest of the 
homologues of hydroquinine (quinine itself being methylcuprein) was still superior. 
These results led them to suggest trials with the higher homologues of the series and then- 
combination with other trypanocidal drugs in the treatment of anima 1 trypanosomiasis* 

Dyes 


Dyes in one form or another have now and again received considerable attention 
as holding out a possibility of proving lethal for pathogenic trypanosomes in view of their 
predilection for particular tissues of these parasites. Foy (1909) mentions Brand as 
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having successfully used a mixture of a solution of methylene blue and mercuric 
chloride intravenously in the treatment of 3 cases of equine trypanosomiasis. In practice, 
it would seem hardly advisable on principle to use strong inorganic salts intravenously 
as being liable to prove fatal for animals. 

Brieger and Krause (1912a) showed that drugs of the safranin group (diamino deri¬ 
vatives of azonium bases) possessed trypanocidal properties and they also made the 
important observation that the action of these drugs depended on their side chains, inter¬ 
ference with which substantially altered their efficacy. According to them, the failure 
on the part of previous workers to obtain recovery by the use of various drugs was 
possibly due to the fact that they were rapidly disintegrated in the blood, so that they 
had only time to act on parasites present in the circulation and were ineffective against 
those lodged in the deeper tissues. They found that drugs belonging to the safranin and 
eurhodine groups were stable. 

Laveran and Roudsky (1912) made the interesting observation that acridine and 
oxazine had a special affinity for the centrosome of T. lewisi but not for the centrosomes of 
pathogenic trypanosomes and they offer what would appear to be a plausible expla¬ 
nation for this phenomenon, but it would be outride the purview of the present mono¬ 
graph to consider their views on this subject. As for the therapeutic value of acridine, 
Salmon (1913) found it effective against T.gambiense in mice but its action was less 
energetic than that of arsenicals. Its therapeutic index was 5 and recovery was obtained 
in 3 out of a group of 4 infected mice treated with 0*04 to 0*25 mgm. of the drug. 

tripanocida 
the para- 

As dyes often produce pain when they are given by injection, Biieger and Krause 
(19126) discuss the possibility of using’^only non-poisonous dyes that could he given by the 
mouth in the treatment of trypanosomiasis. They ‘sought for bodies which, in consequence 
of a favourable combination of ■ nitrogen-containing groups with 3 and 5-\alent nitro¬ 
gen, could be taken by the mouth without poisonous action and permanently destroy the 
trypanosomes’. According to them, substances of the safranin group might fulfil such a 
condition. They ba?e this view on experimental observations made by them on artificial 
T. brucei infection. 

In one cf the papers published by Brieger and Krause (1912a), they elaborated their 
observations on the effects of dyes of the safranin group on T.brucei infection in rats and 
guinea-pigs. They found that s body of the following general formula was the most effec¬ 
tive when given by the mouth: 



cannon round, that certain dyes of the acridine or oxazine series exerted a 
action, attacking the blepharoplast and-^thereby eventually destroying 
sites. 
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, , .j » a to fi weeks the treatment being given simul- 
Tbe animals were fed for P^iodsfrom 4 to 6i we ^ inocu i 8 tion. The drugs were 

taneously with the infectior or up to 6 days f 0>25 t0 1 gm. daily up to a total 

found safe to use in the case records having failed to use safranin successfuliy 

in the treatment of T. brucei infection m mice, d ( fS5) in a rejoinder, state that all 

mentions the drug to be ^ “J a S (the same as safranin) were alive on 

tta 0r. g d**- i„«ve — — 

aeainst T. brucei infection in guinea-pigs. 

Tr^atarirre „ acriflavine -also * 

on T. brucei in rats and was foundry himt b t mentwm a dye ca lled ‘peracnna 303’ 
optochin, it exerted an active action. B ® , hi nation containing 10 per cent trypaflavine. 

gfasssi 

Th. 2 ilytf trypuiblue “4laSeE^S'ilS^and T. cazalLii 

sjsa aJ2TJ=i —- — —— by 

the mouth at 0-5 gmper ^ a geries of sele nazole analogues of styryl 

Browning elal. (1935) experim brucei in mice. They proved to be 

quinoline to test their ^ lb en Q935) ma de the interesting finding that 

almost non-effective. Browning and infected with T. brucei took place if these 

spontaneous cure of untreated re:lapse compoun< is and acridine derivatives, 

relapses followed treatment wi F7 q ^ s i ow excretion of the drug, there- 

Possibly, such recovery is—at any rate partly a parasites. Parkin (1931c, 1935d) 

by continually exerting some trypanoci a a treatment of T. brucei infection in 

of f J- or« ta.ro 

Th. 1 *£££ 

tered during the incubation period, delayed the appearance of the trypanosomes. 

The possibility of using pyrrole dyes as trypanocides was examined by Fiscld (1935). 

Four of these were tested by him, namely, prodigiosin, pyrrole blue, p^ ^ d^th^ effi 
locyanin; only the first showed some trypanocidal activity. Mans]oer (1948) tested the e 

cacy of large doses of trypaflavine for surra and found the drug valueless. 

Quinoline and Guanidine Derivatives 

Synthalin (dimethylene diguanidine hydrochloride) has been tested by a number of 
workers for its trypanocidal action. Lourie and Yorke (1937) found that it was stomp y 
trypanocidal in vilro even at a concentration of 1 : 262,000,000 and that it was also effective 
against trypanosomes resistant to atoxyl and suramin. These workers also obtained evidence 
that the drug directly acted upon the trypanosomes and that its action was not in the 
nature of an addition to the production of hypoglycaemia. Browning (1938) also came to a 
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^ thregard to the mechanism of the action of synthalin, from his studies 

by Poland &,dL n 8 q^ g ° n . T - co ^ ol£me “ “«»• The so called ‘anticoman' was tested 

r Budac .j^ 938 ) a 8 amst nagana and dourine in rats. Tlie drug is stated to be a 
> , . °, guanl< bne preparation of synthalin bitartrate, pancreas powder, sodium 

lets Sctly on thfJ^V'^ 5^ ?,? r T d t0 be ° f low thera Peutic value. Anticoman 
acts directly on the parasites and not by the production of hypoglycaemia. 

n n0t “ ble advance was registered in the field of chemotherapy when Lourie el al 

iSf m 4becourse of studies on the chemotherapeutic values of preparations of 
salts of qmnoline, cinnohne and qumazolene, discovered a guanidine compound with the 

of^tStv^; N : N b u | 4 " anuno " cinno ^J rl '6) guanidine methiodide. Both in respect 
ant ™d Tt S yPa ^ C a P° Wer ’ the drug is claimed b 7 ^em to be comparable to 
(1 Stated i°% n !i aPPear t0 baVe been tested clinically. Van den Branden 

wMe^; tfno Pr °;1 m ® ffective - J? e Borchgrave (1941), however, found that cWnosol, 

? ben ’. 111 place of cbmosol, use was made of plasmochin, yatren, quinine 

Thte £ues mav r80 th aV, f e ’ “f™’ astre P tbl " Mphanilamide), nipagin or carbolic acid, 
inese drugs may, therefore, be used in making trypanosomes uninfective in blood for 

r Sl i mocula J Ion : T be drug astreptine was tested by Van den Branded (1938d) on 
1 . brucei in rats, but it was found ineffective. v ’ 

thp f may b ® P ade b ere to certain drugs which can be only grouped together in 

Tvrnvirlp a V>° slg P dca ^ chemical or other relationship amongst themselves that might 
provide a basis for their classification into categories. 

nf rp^'T 116 (19 f 3) ClalmS t0 1 ? aVe used successfully pancreatic enzymes in the treatment 
twirpT ^ 7Rd SeS > f SU ?i ^ Ul< l 8 ' 111686 enz ym es were trypsin and amylopsin administered 

twice in 3,150 units and 1,000 units respectively, at 1-day interval. The treatment of surra 

was a so attempted by Fernandez (1926) with formalin. Using a dilution of 4 to 1 ounce of 
formalin per pint °fwater, he found that cure was obtained in camels, horses and cattle 
when 20 c.c. of the diluted drug was injected intravenously on 13 alternate days and then 
at 3-day intervals, the entire course occupying a period of 1| months. For dogs, he recom- 
mends a dose of 1 to 3 c.c. of a dilution of \ to J drachms in 5 ounces of water. 

Of other empirical methods for the treatment of trypanosomiasis, mention may be 
made of the use by Johnston and Macfie (1913) of tincture of iodine, bromine and osmic 
acid in the treatment of T. vivax infection in sheep and against T. lewisi in rats, but these 
chemicals failed to answer to the requirements of chemotherapeutic drugs, for they proved 
to be both parasitotropic and organotropic simultaneously. 

As one would expect, sulphanilamides, on account of their well-known specific action 
on certain human diseases, have received some attention as to the possibility of their ser¬ 
ving as remedies for trypanosome infections. They were, however, found to be valueless by 
Kolmer and Rule (1939) against T . equiperdum and by Van den Branden (1938^) against 
T. brucei in rats, as mentioned earlier. Urso (1941) tested sulphathiazol orally and 
intramuscularly on T. equiperdum in guinea-pigs; it proved ineffective. 

Rosenthal and Bauer (1941) record having found 3-nitrobenzoic acid and its deriva¬ 
tives notably, 3-nitrobenzoate of sodium—somewhat effective against T. equiperdum , al¬ 
though relapses were common. 
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Funko et al. (1943) prepared 


yiamme 
(p-isopropyVbe 

inff derivatives 

^ A,illustrative o£the widersuge of ijW“» e.rri.d 

tdv. remedies for ®=toSS^-iUr <■'-“* *« di ““ P'”™” “ * 

out by Bessemans eJ al (1944), ‘oved valueless. 

for 2\ cow/o?e»we infection. g P . is imp0 rtant that they 

In undertaking studies on the acton ^ the 

are the purest possible, for their remedia 1 effect may m Keneford * aL (19 48i men- 

drugs themselves but to the ^P^^^ 1 methyfcinnolinium iodide and an analogue- 

thich were ineffective against T. ^ ofew *f ^ thridinium compound ‘897’, but‘the try- 

obtained by reduction were ^^ '^orddng to the conditions used for reduction’. The 
panocidal power variedconsiderablyacoo g ^ beUeve d by them to represent the 

mentioned by Keneford e. * - they deerg- 
D “° A 122 Ly be made here ’"SS 

Of the several proprietary preparations r Miessner and 
Berge (1926) state that it conferred protection oniBJJ Solution of this drug 
rendered T. equiperdnm motionless in a to^ ^ f gu £ nense infection in 

s SM 15 £■ ni£> 8 mce 

ed with T. congolmse. A dose of 0-075 gm. per kilo, cured 6 out of 8 mice. 

It is of interest that even cortisone, one of the most recent 

possibility of preventing gluconeogenesis by its use in trypanosome infections but the result 
was negative. 

Getthandt-Hamburg (1937) made use of snake poisons (from Biiis anetarn and Naia 
nvudians) in the treatment of infected mice. The administration of these poisons caused 
the destruction of the parasites. The dosage of poison in the case of TVaia tnpudmns was 

from 0-000000000 25 g. to 0-0000 25g. A weak dose of the poison is stated by h “ 
arrest motility (‘bewegungshemmend’) of the trypanosomes. Such observations are obvious j 

more of academic than of practical interest. 

A reference may be made here to the observations by Ross and Williams (1910) on the 
effect of cold on trypanosomiasis. They found that cold delayed the appearance o e 
in small laboratory animals infected with T. brucei , T. equiperdum and T. gambievse. 
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They mention having kept an infected human subject intermittently in a cold cham¬ 
ber; the patient reported an improvement in his general condition but the disease itself re¬ 
mained unaffected. Temperature appears, even under natural conditions, to have some re¬ 
lationship with the course of trypanosomiasis, for Eaven (19116) mentions the character of 
the weather as having been responsible for producing a set-back in some of his sleeping sick¬ 
ness patients. 

T. cruzi, the causal agent of Chagas disease, represents a class by itself. The remedial 
measures adopted by different workers against this trypanosoma being of little significance 
in relation to the question of dealing with other pathogenic trypanosomes, they are not con¬ 
sidered in this monograph. The observations recorded by Lwoff et al . (1944) on the treat¬ 
ment of this disease are, however, deserving of mention as supporting the view that che¬ 
motherapeutic drugs may act both in vitro and in vivo or only in vi/vo . These workers tested 
the activities of the following drugs on T. cruzi : (1) derivatives of ethylene diamine, (2) deri¬ 
vatives of naphthalene and (3) a compound containing arsenious acid. The first 2 were found 
to belong to the first category and the third to the second category. 



CHAPTER XVII 

Seram Therapy in Trypanosomiasis 

A LTHOUGH scrum therapy in trypanosomiasis might be appropriately con¬ 
sidered in relation to the general question of immunity in this disease a consideration 

of this subject raises certain fundamental issues which would be best dealt with in a 

separate chapter, as is being done here, "he larger question of immunity will form the 
subject of the chapter that follows. 

I. Non-specific Serum 

The trypanocidaV properties of serum of normal an'mals ’nave been a favourite subject 
of study among some of the early workers in the field of trypanosomiasis. A useful review 
of the subject of the trypanocidal action of human serum has been published by Cul¬ 
bertson (1935). 

As early as 1906, Minchin, Gray and Tulloch showed that sheep serum was effective 
against T. grayi. Thiroux (19096) found that both this and human serum acted on T. 

duttoni. 

In an editorial note in Sleeping Sickness Bureau Bull. (1,255; 1909), Laveran and 
Mesnil are mentioned as having demonstrated that human serum had a trypanocidal action 
on the parasites of nagana and that, when injected into infected rats and mice, it influenced 
the course of the disease, with temporary sterilization of the blood. Mention may also be 
made here of the observations by Mesnil and Ringenbach (1912) and others on the trypano¬ 
cidal action of the strum of primates on human trypanosomes. It is of interest that Laveran 
-and Nattan-Larrier (1912) showed that T. rhodssiensc y although it may become resistant to 
human serum, easily loses this property. 

Mesnil and Leboeuf (1910; mention Laveran as having shown that the srum of baboons 
caused a temporary sterilization in mice infected with T. gambiense , T . evansi, T. brucei 
and T. equ num y but that it was less active than human serum. Mesnil and Leboeuf them¬ 
selves found the serum of the baboon Cgnocephali 10 to 25 times more active than 
human serum. The same authors (1912), working in collaboration with Ringenba *h 
found that, trypanosomes which were susceptible to the action of the serum of baboons, were 
also susceptible to the action of the serum of man and mangabey (an African genus of 
moiiKey), but not vice versa, showing ther by that the protective substances in the sera of 
different classes of primates are not identical. Mesnil and Blanchard (1916) found that 2 

strains of 1 . rhodesiense were acted upon by normal human erum while a strain of T. 
gambiense was resistant. 

one a series of papers published by him on the subject of the curative mechanism 

o human serum, Rosenthal (1929) gives possible reasons why it is inactive in vitro but 

rypanocidal in vivo. He evidently considers that the intravital process whereby the serum 

ecomes trypanocidal is analogous to that of the conversion of pentavalent into trivalent 

arsemcals, the reticulo-endothelial system having a major share in the process. Rosenthal 

esignates the initial, that is, non-trypanocidal, substance in the serum as trypanocido- 

genous and the form which it assumes on injection as trypanocidal. Yorke et al. (1930) 

recor aving failed to confirm the findings of Rosenthal, for they found that human 
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serum in vitro was trypanocidal against T. equiperdum , T. rhodesiense and T. congolense ► 
but was ineffectixe against T. gambiense and these facts, they argue, explain why 

human beings are susceptible to th s species but immune to trypanosomes pathogenic to 

stock. A'corri g to these workers, this fact affords‘the strongest grounds for believing 
that man s immunity to infection with the pathogenic trypanosomes of stock, and his 
relative susceptibility to T. gambiense , are bound up with the property of serum’. 

Of the other workers who have studied the protective properties of non-specific serum 
against trypanosomiasis, mention may be made of Moulis (1938), who claims to have obtain¬ 
ed cures in a horse and in a cow by the use of monkey serum when novarsenobenzol had prov¬ 
ed ineffective. The serum was obtained from a species of Cynocephalus and was given intra¬ 
venously in doses of 8 to 10 c.c. Lloverol (1939) tested the value of normal serum of the 
baboon, Papio papio, in the treatment of experimental T. congolense infection in sheep* 
The serum was used intravenously in doses of 15 to 20 c.c. Out of a total of 5 sheep, 2 re¬ 
covered after 2 or more injections. 2 died after the parasites had been absent from the 

circulation and 1 continued to show the parasites in spite of serum injection. All the & 
controls died. 

In discussing the curative action of normal human serum on nagana and dourine in 
mice, Adams (1928) advances the view that it is not an ‘irritant body’ action (‘behrut nicht 
auf einer reinon Raizkorper-Wirkung’), for the injection of bile, urea, iodine, acids, etc. 
does not produce any effect on the trypanosomes, although these are known to contribute 
to the anti-typhoid action of serum. According to him, normal human serum possesses 
specific trypanocidal properties, which are capable of being improved upon by superimposed 
syphilitic infection. In his experience, the sterilization produced by the serum was of a 
transient nature, relapst s having been found to occur about 7 days after injection of the 
serum. He further records having found the serum of she* p and lower primates ineffective,, 
but this is contrary to the observations recorded by several other workers, (e.g. Minchin 
€t ai, 190b; Thi.oux, 1909; Vie soil el aK, 1912). 

II. Serum after Infection or Treatment 

Mesnil and Brimont (1909), in <i lengthy paper, discussed the protective proper¬ 
ties of sera of animals infected with trypanosomiasis. In the course of their studies, 
they came across resistant races in these sera. The species of trypanosomes used by them 
were T. equiperdum , T. equinum and T. brucei. The main findings that emerged from 
these studies were: (1) the serum of animals that have developed a subacute or chronic form 
of trypanosomiasis acquires protective properties very quickly and such serum is, within 
certain limits, effective only against homologous strains of trypanosomes—properties which, 
according to these workei s, may be utilized for differentiating closely allied forms of try¬ 
panosomes; che serum loses much of its protective power after recoveiy of the animals. 
(2) Trypanosomes from such infected animals proved to be non-infective for mice and this, 
•hows that the parasites had some of the immune bodies fixed in their tissues. (3) Thfr 
•erum was ineffective in vitro , but when the serum, together with some actively motile 
parasites, was injected intraperitoneally into mice, they were rapidly destroyed as a result of 
phagocytosis. The parasites in the blood of donors of immune serum were themselves 
refractory to the action of the serum and they retained their resistance in spite of being 
passaged a number of times. The donors being infected with chronic trypanosomiasis,, 
the occurrence of resistant strains in their blood was only what was to be expected. 

Jacoby (1909 a, b) noticed the occurrence of the sterilizing action of human serum in 
mice infected with nagana, but there was a progressive recurrence of relapses and complete 
covery seldom occurred. Like Mesnil and Brimont (ante), Jacoby, obtained a resistant 
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- . , retained its resistance for 12 generations, gradually lost it thrmigh. 

-strain, wflieh, alth g ^ devel a stra in that retained its resistance through 100 

later ssages. Her , nf resistance developed by such refractory strains 

generations. Wqtooth (19.3) 

S,d e Meiil (1913)*I»0 published some ota.rvotion. ou the proteet.ee properties of serum of 
human beings affected with trypanosomiasis. 

The trvpanolytic action of serum of infected animals on homologous or closely allied 

strains wa/demonstrated by Leger and Ringenbaoh (i912) in the caie of surra nagaM, 
mal de caderas and sleeping sickness. The method of testing as described by them in one 
instance, was to add 5 drops of serum from a guinea-pig to 1 drop of infected blood from 
mouse and 1 drop of citrate solution. The mixture was incubated for 4 hours. 

Rosenthal (1918) showed that, when mice infected with nagana were treated with tartar 
emetic and 3 to 48 hours later were again re-infected with a massive dose of the trypano¬ 
somes, no infection resulted. In his view, this provided indisputable evidence that immune 
bodies appeared in the serum within a short time of the commencement of the chemothera¬ 
peutic treatment. The fact that a drug was less effective prophylactically than therapeu¬ 
tically was, according to him, also an ndication in support of his view. He uses the expres- 
eion ‘phenomenon paradox’ of divergence (‘paradoxe Divergent) of pr >phylactic and 
curative action of tartar em tic. As further evidence, he cites the fact that no retardation 
in the curative process occurred when the action of the emetic was partially neutralized 
by the injection of potassium hexatantalate.' r i he weakening effect of the latter on tartar 
emetic was evidenced by the fact that, when mice were given a combination of these 2 
drugs, they died of the infection in the same manner as controls. 


Mayer and Zeiss (1921a) showed that suramin could be demonstrated in the blood of 
animals for 5 months after injection and that the curative effect of the serum vane 1 in 
inverse ratio to the length of the interval between drug treatment and withdrawal of the 
serum. These authors’also found that the s rum thus withdrawn from human subject > 
treated with sura min for sleeping sickness had a curative effect on animals infected with 
T. brucei , T. equinum , T. equiperdiim and T. rhodenense. 


It would appear that immune s rum from animals suffering from chronic or subacute 
trypanoso ma as, while possessing protective properties, is ineffective against the trypano¬ 
somes occurring in the animals themselves. Van Saceghera (19226) gives a possible explana¬ 
tion why this is so. According to him, these trypanosomes, as they arise, vaccinate them¬ 
selves with the antibodies and some of them may escape destruction, being protected by 
the specific antibodies. He (1922c) also postulates the production of what he calls ‘obstruc¬ 
tive’ (‘empAchente’) * in the blood of goats that have recovered from a chronic T. 
ruandae infection. He states that this substance prevents the trypanosomes from multi¬ 
plying, eventually resulting in recovery of the animals. He claims to have successfully 
developed a method of serum therapy on the basis of these observations. When recently 
infected goats are rep atedly given subcutaneous inje tions of large doses of serum from an 
animal that has been infected with T. ruandae for a io.ig time, ‘obstructive’ is produced 
in its blood whereby the disease develops into a chronic form; the animal progresses to re¬ 
covery and become strongly resistant to the infection. Furthermore, blood from such 
recovered goats, when given in doses of 500 to 1000 c.c.. has a curative effect on goats 
recently infected with T. ruandae . Further elucidating his views, Van Saceghem (1922d) 
states that in chronic T. ruandae infection the majority of the trypanosomes are destroyed 
by the antibodies but that a proportion of them—apparently those that vaccinate tha n 
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selves—turn into neurotropic forms and, being incapable of living in the circulation (for 
reasons not clear), migrate to the cerebrospinal fluid. Referring to the precise function 
of the antibodies, he (1922e) says.that they do not operate against the trypanosomes but 
against the toxins liberated by them. 

According to Luengo and De Buen (1924), the trypanocidal action of serum after drug 
treatment may be partially due to the destruction of the trypanosomes, so that the obj ect 
of treatment—e.g. with suramin—should not be complete sterilization of the blood but 

of progressive destruction of the parasites to provoke a continuous liberation of the immune 
bodies. 

The serum of normal animals after drug injection has been mentioned by some workers 
as exerting a protective action against trypanosomes. Thus, Ledentu (1926) found that 
1 c.c. of serum from cattle that had been infected 48 hours previously with suramin pro¬ 
tected guinea-pigs against T. ga?nbievse infection. A dose of 0-2 c.c. of the scrum did not 
even lengthen the incubation period, although it retarded the rate of progress of the 
disease. It would, however, seem probable that the protective effect in such cases is attri¬ 
butable to the drug present in the serum, for, as is well knowm, suramin and its equivalents 
are slowly excreted. Ledentu found that the protection was not strong enough to prevent 
infection when large quantity s of infective blood were injected. 

While no appreciable difference appears to have been recorded between the nature of 
protection afforded by the scrum from normal animals on the one hand and that from infect¬ 
ed animals on the other, Nattan-Larrier and Koyer (1932) showed that the anti-trypanosome 
substances in the former were ultra-flitrable (‘laissent passer la substance protectrice et la 
substance curative ), but that those in the latter were incapable of passing through a collo¬ 
dion filter. It is more than probable that such fundamental difference in the physical 
properties of these 2 classes of substances will eventually be found to be reflected in 
the nature of degree of protection afforded by them. It is of importance that in 
studies of this kind the methods of testing should be standardized to yield comparable 
results, for even such a small factor as the age of the serum has been found to be related tc 
its potency. Thus, Taliaferro and Osten (1943) found that the protective action of normal 
sheep serum against T. dultoni infection in mice was usually noticeable in serum which waa 
more than 1 year old—a fact which is suggestive of the possibility that the action in 
some cases is enl anced by ‘ripening’. 



CHAPTER XVIII 

" Jmmuir.fy in T.ypanosom‘as : s 

A S with protozoan diseases generally, solid immunity against trypanosomiasis has so 
U proved to be impossible to establish. Accounts of extensive trials are on record to 
devise methods of conferring immunity on animals against the disease, as is evidenced by the 
fact that. Penso (1938) has cited 450 publications directly or indirectly related to the subject. 

The attainment of this objective does not as yet appear to be in sight. Amongst the 

early workers on immunity against trypanosomiasis, mention maybe made ot Lan ranch i 
( 1912), who dealt with the question of trypanolytic power of the spleen. Aoki and 
Kodama (1913) unsuccessfully attempted immunization against T. eqmperdum with 
formalin killed or dried, trypanosomes. Schilling and Rondani (1913, infra) discussed 

the relationship between trypanosome toxin and immunity. 

It would seem that more precise knowledge of the genesis of pathogenicity of trypanos¬ 
omes themselves will have to be sought for before any truly rational method of immuniza¬ 
tion rgainst this form of infecti »n can be developed. It would be of interest to consider 
here the reason why cert in species of trypanosomes are not pathogenic for the host which 
normallv harbour them. According to Delano- (1911), the natural immunity of the 
mouse against T. rotatarium, T. noctuae, T. scardinii, T. phoxini , T. theden , and T. 
vespertilionu is due to the fact that they are constantly phagocyted in the animal’s 
body. He found that when the cultural flagellates, of the parasites are injected 
intraperitoneally, tiny are destroyed and disappear very quickly. He ascribes the non- 
pathogi nicity of T. lewisi to similar reasons, except for the fact that the phagocytosis of 
the parasites occurs throughout the rat’s body. 


A point of importance brought out by Mesnil and Leger (1912a) is that resistance to 
trypan -somiasis may vary in different localities among ruminants, which, in France, have 
been found by them to develop, as a rule, complete immunity after recovery from trypanoso¬ 
miasis. The finding emphasizes the importance of keeping controls in immunity experiments- 
to exclude the possibility of resistance in treated animals being due to climatic conditions. 

Rosenthal and Spitzer (1924) adopted what, to all appearance, was a good procedure 
for ascertaining the nature of thesubstance that imparts protective power to mmune serum 
and the precise role played by the reticulo-endothelial membrane in the process. It was 
observed by these workers that human serum did not lose its trypanocidal power in animals 
that had been freed of leucocytes (‘aleuko-zytaron tier’). When human blood was freed 
of leucocytes by treatment with thorium X, the serum lost its trypanocidal power and 
a somewhat similar effect was produced when the reticulo-endothehal membrane was 
blocked with iron preparations, while a more pronounced diminution occurred in splenec- 
tomized animals and a still greater diminution of the trypanocidal action of the serum took 
place when the blocking was done in combination with the extirpation of the spleen. 
According to them, the macrophage system plays an important role in causing human serum 
to squire trypanocidal power. They also observed that human serum, which was 
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non-trypanocidal in vitro, was activated by the reticuio-end 'theliai system in vivo. Accor¬ 
ding to Kli^ler and Comaroff (1935), it is due to the activation of the reticuloendothelial 
system itself that an increase in immunity results from the injection of dead trypanosomes. 

Gradual recovery after contracting trypanosomiasis earlv in life has been 
held by certain workers to he capable of mak ng bovines re istant to subsequent 
infection, but, ;\s will ho -o n f ot what has to be totM lot. r, the results 
so far recorded in regard to this have been inc mc'usive. On the other ban 1, there is 
some evidence 4 o show that adult ruminants, after recovery from surra, often acquire a 
fairly durable immunity. Thus, Me3nil and Leger (19126) quote the following figures 
representing the minimum duration of imurm't in yeari acquired by ruminants after 
recovery; 2 zebus, 3; 2 bovines, 2; 1 goat, 2J. Besides, a goat after suffering from 
nagana for 1 month is reported by them to have been immune against the disease for about 
t years. Additional evidence of immunity was obtained bv the fact that serum from the 
recovered animals was found to possess protective oower. From these observations, they 
came to the conclusion that under such conditions the animals acquire ‘generalem nt’ an 
4 immunite solideh 


That there is a possibility of erroneously attributing protective power to serum when such 
power is in reality attributable to the residual eff ‘ct >f a previously injected trypanocidal 
drug is illustrated by a series of observations recorded by Lcvaditi and Mutermilch (1913). 
The serum of rats that had been cured of nagana by salvars in was found by them to retain 
its trypanocidal power for 30 hours even after the serum w \s heated at 56°C. They, th refore, 
concluded that this was attributable not to the trypanolytic properties of the serum but 
to the presence of a residual quantity of the drug in it Further, the liberation of antibodies 
in the serum could not be demonstrated until afeer the fifth day of drug inoculation, in 
spite of the presence of considerable numbers of trypanosomes in it an 1 the richness of the 
quantity of antigen produced by the action of t e drug. They (1911) ducus* the relative 
protect ve power of 3 kinds of serum: (a) serum from rabbit ’> cured b / salvarsm; (6) serum 
containingtrypanolytic amboceptors from infected rabbits killed at the height of trypanoso¬ 
miasis; (c) serum representing a combination of both (a) and (6). When tested on mice, the 
first showed only sli.ht power to affect multiplica'ion of the paras tea or to deliy 
death of the infecte d animals; the second showed likewise a feeble or perhaps slightly better 
action; the third was effective in preventing multiplication of the parasi es, b\i- under 
the conditions of the experiment, the precise function of the amboceptors* was dihcult to 
estimate, for the presence of salvarsan itself in the serum was contributor/ factor in 


bringing about the result. 

Here it Av be mentioned that, in the course of his studies oil nagana in rats, guinea- 
pigs and rabbits, Ciuca (19146) found that serum from animals treated by emetic showed n> 
trypanocidal effect in vitro: no difference was observed between serum of treated and that ot 
untreated animals whether they had been previously infected or not. On the other hand, 
when blood withdrawn from infected animals was mixed with emetic, both serum and 
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against dourine and naganawi a vac P . . stated by the n, does not minre 

drying the cento mgatc and fe^ly^inmimizei with this > accine 

the antigen. They observed that, wh / controls but that when, on 

against dourine, they res.sted mfect.on for 6 we eks 'onger t^h>an - ^ ^ ^ ^ Med 

t?re a a P ct e showtg that tKypalsomes had become serum-fast. They made the interesting 
finding that serum-fast strains were capable of producing antig.-n, but that the aaubo lies 
produced were effective against serum-fast strains only and not against tae ong nal stra , 
namely, those that had not been subjected to the action of serum. 

Some observations made by Novy et al. (1912) n regard to the i^^no'ogicalpro^ 
perties of T. lewiii deserve passing mention here, for they may be foun to hold n ool 
pathogenic trypanosomes also. According to these observations, the plumolyzcd trypanos¬ 
omes, when injected into rats, make them immune to infection. Living cultures made on 
rabbit blood agar medium, when given to rats in 1 or more injections, o infer on them a solid 

i mm mity, probably lasting through life. 

Schilling (1912 a, 6, c), who worked over a number of years to develop a method of 
conferring immunity on animals against trypanosomiasis, initially test 3 t e pro cc ive 
power of T. brucei for horses when these trypanosomes were killed by means cn chemical 
substances, but were still capable of producing antibodies. The organisms, utter f ing iso a 
ed from blood, were treated for 2 hours with 1 : 400 solution of tartar emetic, l his mixture 
was centrifuged and the sediment used for injection. Schilling claims to have ootamed im¬ 
munity by this method, although its duration was inconstant. Two horses weie gi^eii a 
series of 7 vaccine injections from a total of 50 rats between 10th April and 2oth June. T ey 
resisted infection when injected with nagana blood on 1st August.Schilliag states tnat, when 
infection was not prevented, the incubation period was prolonged from 24 hours to 4 to 27 



ofThe iiTl P f° n ° f ’ h6 trypanosome3 re_a PP ea red and this was Mowed by death 
a series oC fnf . ““K CaS ° S “ sln ^^tion was sufficient to make them resistant to 

accord in! ^ r * ason 1 why horSM cattle do not develop such resistance is, 

the sam 8 dr J' lm ’ f d " e , to .^ e fact that “° remedy is known that would sterilize them with 

, also attempted to immunize mice by means of trypanotoxins obtained by keen- 

ZhlrvZ° mGS ^ 37 C ‘ f ° rdiff T Dt ! f ngt 18 ° f time * Toxic were produced when 

, 7P an °some.s vyeie injected in the torm of suspension, but some immunity resulted 

he no{<m n ° SOmeS Were given in ai1 enuUion form. With reference to nagana, these 
orker^ (19135) post-ul te the existence in the bodies of trypanosomes what they call 

mmuno antigen, which, on introduction into susceptible animals, renders them immune 
against injection with living trypanosomes. 

aaain and R ° ud ? ky ( 1913 ) made unsuccessful attempts to confer immunity on mice 
against 1. bruce-i infection by the mtraoeritoneal injection of suspensions of 5 do ;es of 2 

dn f 1 I . and P°wder;d trypanosomes at 5-day intervals. Nattan-Larrier (1913) 

6 po . sslb,1,fc 7 confer ing immunity on mice by in jecting centrifuged trypano* 
mes combmed with bile; the method was unsuccessful 

• (1913) used a naturally aviruleut strain of T. Jdppioum derived from guinea- 

fjf T i h ‘ ai 7 e3a kept alive by passaging for nearly 30d days. A relatively mildin- 
u l °° eve oped whenit was injected into a mule. After recovery, its immunity was tested 

611 S Fam ’ ^ u t thcanimal survived. According to him, the method involves no 
i ° er . r °? 1 a Recrudescence of the infection remaining in a suppressed form in the recover- 
e anima an then regaining its virulence, thereby becoming infective to other animals. 

averan (1913) claims to have produced immu ity by the use of sub-toxic doses of liquids 
containing, trypanosomes and kept for some time at 37°0. Working in collaboration with 

ru az, e( . ) ound th-.t nagana trypanosomes remained infective for mice when the 

trypanosomes were merely subjected to the action of salvarsan. 

A series of unsuccessful attempts was made by Hintze (1915) to vaccinate small 

a J nm ? q®£ ainst na S ana b 7 means oi trypanosomes taken from infected rats, dried a 
about 39 0., washed and administered intraperitoneally in salt solution. Spleen pulp 
liver and serum from infected rats were also found to possess 1 ttle protective power 
Only by incorporating rat sple n pulp he was able to keep a guinea-pig parasite-free for 
9 months. He found it difficult to push (‘schwierigkeiten stossen’) th- arge quantity of 
clean inoculum pder.irtiger gro ,ser Merger reinen lmpfstoffes’) required in such cases. 

Pons ffie (1923) prepared a vaccine by mixing monobasic and dibasic phosphates with 
the blood of mice infected with nagana. Mice injected with the vaccine resisted infection 
when given an inoculation of nagana blood 8 to 10 days later. In discussing the previous 
effo i s of various workers to confer immunity by means of vaccines, Ponselle remarks 
that practically none of these vaccines had proved successful. i < 


Kligler and Comaroff (1945) found that the results of inoculating ' dead trypano¬ 
somes varied in accordance with the experimental animals employed. In rats,' such in¬ 
oculation resulted in the prolongation of the incubation period and of the disease itself, but 
the lytic antibody production was negligible; a production of lytic antibody took place in 
rabbits while nothing in particular was noticeable in guinea-pigs. They further remark ; 
‘An important consideration in the study of trypanosome immunity is the difference in the 

degree of resistance manifested by different animals and by the same animal at different 
ages*. 
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and that the strains that d P ^ oricrbal strain . According to these workers, a 
of immune serum from mo , organism may be obtained from a 

kind of polyvalent lytic serum agai sever ° al typ es of parasites. The finding 

mouse that has been infecte an adva nce in the formulation of immunity mea- 

mustbe regarded as having e 0 as it engages the possibility of conferring 

S TctkTalaiSi n °fo^ of trypanosomiasis by infecting animals with minimal doses 
{as recomrnend'ed\)J^Schilling, infrfi, of a combination of several species of trypanosomes. 

An interesting possibility of the protective action of heterologous sera is suggested 
, recorded by Roubaud and Provost (1941), that wheP a strain of T. 

wt kept in prolonged contact in vitro with the serum of a goat suffering from 
Sc TvivL infection, the strain either ceased to be infective for mice or the mfection 
developed after a long incubation period. The possib.hty of utilizing this method for 
rendering a strain a virulent for protective inoculation would appear to merit attention. 


It would appear that, if immunity against trypanosomiasis proves at all to be capable 
of being consistently established by methods involving some form of infective inoculation, 
the inocjlum in such cases must consist of living-if avirulent-and not dead trypano- 
somes. Gallo (1946) records having failed to obtain active immunity against T . venezue- 
lense by the use of dried trypanosomes or extracts of the parasites, Kraneveld and Djae- 
moedin (19496) attempted to immunize horses and guinea-pigs against T. evansi by in¬ 
oculating them with a powder prepared from infected blood but the attempt proved 

unsuccessful. 


II. By Drug Virus Inoculation 


As is well known, cases are now and again reported in which cattle,^ either on 
natural recovery or on recovery afte 1 * drug treatment developed a sterile i m m u n ity against 
trypanosomiasis. Macqueen (1937) mentions 21 such recoveries from T . vivax infection, 
all of these having been subjected to re-infection with T. vivax; only 1 of the animals 
died within an observation period of 1 year, against 8 out of 10 controls. Seventeen of the 
recovered animals were inoculated with T. congolense; only 1 died against 0 out of 10 
controls.Briercliffe (1939) reports that, on exposing 11 of a batch of 16 premnnized animals 
in a tsetse area, 6 died within 6 months, 4 were considerably reduced in health and only 
1 could be used for work. These findings illustrate the desirability of basing conclusions 
on the results of trials under field conditions. 
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It is of interest for workers in India that, in a monograph published as far back as 
in 1911, Terry recorded the observation that mice could be readily immunized against 
surra when they were infected with the parasites and then treated with a combination of 
amidonaphthol disuiphonic acid and diculorbenizidine, this combination being either 
used alone or in conjunction with acetyl-atoxyl. The mice proved fully resistant to 
infection when they were tested 6 days after the last treatment. Terry states that the 
protection due to immunity and that due to unexcreted drugs can be distinguished by 
the fact that, in the former case, the intraperitoneal injection of a massive dose of virulent 
trypanosomes fails to result in infection, or, at any rate, the infection is delayed, 
whereas the presence of unexcreted drug fails to prevent it. 


Concerning the question whether the duration of immunity following drug treat¬ 
ment is influenced by the particular trypanocide used, Rudolph (1911), from his ex¬ 
perimental observations on T. brucei and T. equinum infections in white mice, came to 
the conclusion that it was not so. He also found that an animal immune to infection 
with one relapse strain might be susceptible to infection with another and that a relapse 
strain which had been passaged thi ough several animals showed a tendency to regain the 
properties of the strain from which it originally came. 


Sergent and Lhe ; ritier (1919) claim to have successfully immunized a camel against 

dabab’ (called by them T . berberum infection) by first infecting it, then subjecting it to 
a curative treatment and finally reinforcing the immunity by re-inoculation of the 
parasites. They also record a case of immunity acquired by a camel under natural condi¬ 
tions. It is noteworthy that both animals proved susceptible to infection without, 
however, developing the actual disease symptoms and they, therefore, regarded the 
animals as having developed what they called ‘relative immunity’. That the immunity 
was not in the nature of pre-munition was shown by the fact that large quantities 
of blood from them failed to infect when inoculated into healthy animals. 


Before ascribing protective power to the serum of recovered animals after drug 
treatment, it is important, as indicated earlier, to exclude the possibility of this protection 
being due to the unexcreted portion of the drug itself. A case somewhat m point is the 
finding made by Mayer and Zeiss (19216) that the activity of the serum in healthy rabbits 
treated with suramin was not due to any alteration in the blood but to the drug itself bound 
up with the proteins of the serum. Ledentu (1926) found that it was only when the serum 
was withdrawn within 48 hours of its treatment with suramin that it could protect 
a guinea-pig when the latter was injected with the serum simultaneously with T. 
gambiense . 

The experimental observations recorded by Kligler and Weitzman (1926) point to 
the conclusion that methods designed to confer immunity against trypanosomiasis bo 
the use of dead or attenuated trypanosomes are not likely to prove successful. Wor g 
with a strain of T. evansi, they found that neither sedimented trypanosomes nor trypar 
nosomes autolyzed by freezing and thawing nor, again, those killed by heating a.6 * 
were, on injection, capable of producing immunity in rabbits. On the other hand, sue 
injections sensitized the animals making the incubation period of the disease muc 
shorter than usual, with ‘explosive’ clinical symptoms. In a second senes o expen 
ments, they tested the immunizing power of the trypanosomes when mixed wi suramin 
or when their injection was followed by that of the drug, the latter having een use a 
0*005 gm. per kilo.—a dose that had been found insufficient for protection. con ro 
rabbit that received only trypanosomes developed a fatal infection as usua . c s- 

which received suramin after the infective inoculation died of the iniec on n 


i 
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only be of very limited value, ^^.““.-Xtion after some lapse of time. Duke 

ft^Tv^VarSet ^^940 b) has postulated the liberation of trypanosome antigen 
Sn .’h». living »injection of 1 gm. of did no, deoe- 

bp Section during an observation period of nearly 1 year after being exposed to 
infective bites of 4s. According to Duke, the immune antibody produced by the 
notion of the antigen contributed to the immunizing effect of the drug. \ an Hoof and his 
collaborators failed to obtain confirmation of this view from their trials on gumea-pigs. 
According to them (1940c), the immunity resulting from the combined action of suramin 
and trypanosomes occurs in a small proportion of amma s and is not durable. It would 

seem more probable that such immunity is maintained only so long as the drug remains 

In the circulation in trypanocidal concentration. Van Hoof and his collaborators (1940d) 
consider a suitable protective dose of suramin for man to be 0-025 gm. per kilo., or a 
flat dose of 1 • 25 to 1 ■ 5 gm., repeated every3 months. 

Richet (1942), working in Roubaud’s laboratory, discovered a method of what 
was called by him chemo-biological immunization. It was observed by him that, when rats 
or rabbits were infected with T. rhodesierise and then cured by sulfursenol, it resisted 
re-infection with the same strain 80 days later, but such immunity only developed when 
the drug injection was given not before but after the septicaemic stage of the disease. Similar 
results were obtained with T. brucei and in this case a strong immunity was found to 
have developed after 90 to 140 days. Richet uses the term ‘sulfar for sulfarsenol. Roubaud 
(1942) states having satisfied himself as to the acceptability of Richet s findings. In collabo¬ 
ration with Caubet, Roubaud (1944) also conducted a series of similar experiments by 
infecting rats with T. gambiense and then successfully treating them with sulfursenol. 
They found that, whether a septicaemic or a neurotropic strain of T. gambiense was used, the 
period of incubation was greatly prolonged, compared with that of controls, when the rats 
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were subjected to test inoculation. This, however, was not observed when T. evanst 

was used. They confirmed the observation recorded by previous workers that infection 

followed by recovery after drug treatment resulted in the liberation of large quantities 
of toxin. 

Leonard (1946) does not consider that the full curative dose of drug is essential to 
produce immunity. According to him, a subcurative dose is capable of altering the 
metabolism of the parasites in a manner to render them more susceptible to phagocytosis, 
the process being aided by the immunizing response of the host, although he considers 
that such immunity is only temporary owing —for reasons not given—to the greater power 
of resistance acquired by the surviving parasites. Leonard’s findings are at the best 
only of academic interest, for nothing short of a sterilizing dose can be recommended 
for use in any attempt designed to produce immunity by drug injection, 

It is possible that, in some instances the failure to demonstrate immunity in animals 
after infecting and later treating them with drugs has been due to the test inoculations 
having been performed too early after the treatment. Such a possibility is suggested 
by the fact that Fulton and Lourie (1946) found that, when mice were infected with T. 
rhodesiense and T. congolense and then treated with diamidinodimethyl stilbene, or with 
reduced tryparsamide, some degree of immunity to infection with a homologous strain 
was set up soon after the treatment in 124 out of 128 instances, but absolute immunity 
could be demonstrated not until after 3 to 4 weeks. The test inoculum used contained 
5,000—50,000 trypanosomes. 

III. By setting up a State of Premunition 

"While nothing short of complete recovery is apparently capable of preventing equine 
surra from progressing to a fatal issue, such need not be the case in infected cattle where, 
as in India, surra in these animals often exists in a benign form. Although premunition 
is known to be effective against theileriasis, its possibilities as a protective measure in 
bovine trypanosomiasis had not been tested until Parkin and Hornby (1930) produced 
evidence to show that premunition might be successfully practised against T. congolense 
and T. vivax infections in cattle. According to them, it is undesirable in these infections 
to produce complete sterilization. They recommend the conversion by drug treatment 
of chronic cases to a condition of premunition, although they recognize that the two 
can be hardly differentiated. According to them, ‘it is not difficult to premunize a bovine 
against a single strain of T. congolense ’. Perhaps a convenient standard for achieving 
premunition would be to apply drug treatment up to a stage that would prevent multi¬ 
plication of the parasites and not destroy them. 

Mettam (1940), working in Nigeria, cites Van Saceghem as having shown that a. 
state of ‘premunity’, although evidently not immunity, may be produced by artificial 
chronic infection. Mettam himself subjected 8 calves to inoculation with T. vivax with 
the object of setting up a condition of premunity ; 2 of these died of chronic trypanosomia¬ 
sis. Twenty-four calves received both T . vivax and T. congolense and death occurred 
in 9 of these. 

Dios and Kuhn (1942) claim to have succeeded in setting up a state of premunition 
for short periods in a horse and rats by injecting T. equinum parasites. The mjectjon 
caused a slight elevation of temperature with the appearance of trypanosomes u \*'“ e 
circulating blood. Although the parasites later disappeared, the blood continued to 
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life of the animal. On the other ha , ST)ects f rom what is commonly understood 

defined by Bevan, differs in ^f^intenance of a state of benign infection. In 
by premunition, for both postulate the ^ntenance^ ^ ^ substantia i use as a 

any case, none of these method & Tester (1936) remarks, they may at 

means of combating e^osedlo'nffltion^buTthey cannot be 

tpeS 

IY. By setting up a State of Tolerance 
In a paper published in 1910. Manteufele^ 
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Bevan (1936a) envisages the possibility of 
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where 8 the parasites would be rendered avirulent without_bemig 7 desirabibty 

ever, of the possibility of ‘tolerant’ animals being carriers, he recognizes tn , 

of obtaining ete.il. immnm.y by efeetog a ratal ^^£££2, facies 
out the limitation of this form of immunity in that animals made mm 
of trypanosome may be susceptible to infection with ano er p • ^ 1937a) 

of a condition or tolerance has been consistently advocated ^JfXtimi in Southern 
as a method of conferring immunity on cattle against T. congolen .infected 

Rhodesia. According to him, this condition may be brought about by treatment 
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animals by antimony to a degree short of producing actual sterilization and then by 
periodically reinforcing this tolerance by the bites of infected flies or by the inoculation 
of parasites. 

Bevan (19376) criticizes the present methods of control of animal trypanosomiasi 
as being localized and palliative and, in his view, ‘international action* is necessary to 
control modern methods of transportation of animals. He found that complete steriliza¬ 
tion resulted in the animals being susceptible to re-infection when returned to tsetse 
areas, so that, according to him, it is tolerance that is to be aimed at. For successful 
immunization, Bevan mentions the possibility of utilizing the method of cultivating 
trypanosomes in vitro , as developed by Brutstaert and Henrard (1936), who also found 
that strains of trypanosomes thus cultivated retained their pathogenicity for 156 days. 

Bevan (19366) gives the reasons- that led him to believe that, by setting up a state 
of tolerance to trypanosomiasis, cattle might be enabled to live their normal span of life 
in a fly area. These reasons are briefly as follows : (1) Experienced huhters and explorers 
in tsetse-infected localities hold the belief that the reason why wild animals are resistant 
to trypanosomiasis is that they become infected early in life ; (2) tartar emetic having 
proved to be an effective drug for the treatment of bovine trypanosomiasis in Southern 
Rhodesia over a number of years, this drug appeared to Bevan to be a suitable one for 
use—apparently in ‘subtrypanocidal’ doses—for setting up a stare of tolerance against 
trypanosomiasis; (3) it was observed that animals which had been completely sterilized 
of the parasites by this drug became again susceptible to infection, while the incompletely 
sterilized animals became tolerant; (4) Bevan’s 25 years’ experience has shown that 
such tolerant animals remain healthy in fly areas ; (5) experiments have shown that 
the young of mice and rats are susceptible to infection, but if they are properly nourished 
and undisturbed, they sometimes survive an infection with a virulent strain of trypano¬ 
somes which would kill adults; on recovery, they become susceptible to infection again, 
but if they are re-infected before they have recovered, they develop a tolerance to future 
infection. Bevan, however, found that the tolerance was liable to break down under 
adverse field conditions. An abridged version of Bevan’s view occurs in a report issued 
by Brain (1937) on behalf of a Trypanosomiasis Committee. 

In elucidating further his theory of immunity through tolerance, Bevan (1940) ex¬ 
presses the view that such tolerance under natural conditions can be set up in both man 
and animals, although he recognizes the danger of their serving as carriers. From the 
results of his experiments, he was led to conclude that a lasting immunity could be produced 
in infected animals by subjecting them to a course of suramin treatment and then re¬ 
inforcing the immunity by subsequent re-infection. Bevan stresses the desirability 
of producing a drug that would be effective against all species of trypanosomes. 


V. By Infecting Animals Carly in Life 

Schilling, a zealous advocate of this method, investigated it over a period of 30 
years. Although the method has since proved to be of little value as a means of 
conferring immunity against trypanosomiasis, the results of his investigation are ot 

sufficient interest to merit consideration in some detail. 

Schilling el al. (1933) have consistently adhered to the view that immunity from 
trypanosomiasis in game in Africa is due to infection having been acquire j 
at bi rth, the immunity being reinforced by repeated bites of flies th roughout hte_.- 

^Although Schilling has repeated this view in several of his articles, it should be °* 

reproduce the exact statement made by him ‘Sils resistent aux ^ piqurea des tsetses 

immunity ou tolerance acquise durant le jeune age et reinforce edurant toute la p P 
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reasons are mainly based on the cqn j re d by them after recovery is repeatedly 

infected when young and the■ fHes. According to them (1934a), “this results 

reinforced by the infective 1 e ‘labile’ infection”. In their German paper, they 

not in a ‘sterile’ immunity but in a 1 ^ lle f ~°^ ection being acquired by the 

(19346) likewise stress the * m P° rt ®f ,, Th exp lain the disappointing results 

iirim* ~ly .in life. < „ I„Te agSnrt T. hm*i as"having to.n due 

to the fact that the strains of ^ em in Ber lin, in 1930-32, on 

a series of more successful experiments cair J onqo lense. The protocols of their 

2 foals with a dry antigen of a virulent strain of T. congolense. P 

experiments in a summarized form are given below . 

Foal born. 


Subcutaneous injection of antigen. 


20.IX.32 

22.IX.32 


16.X.30 

24 X 30 -j- - 

a VT on a 98 YT 80 Subjected to bites of tsetse flies infected with T. congolense 
3.XI.30 and 28.XI.30 S k J egular fever up to 2.V.32 and trypanosomes up to 

23.11.32. 

Blood negative for mice. 

Foal subjected to infective tsetse bites. This resulted 
in fever and appearance of trypanosomes. Three series 
of further tsetse bites caused only slight reaction. The 
second foal was also dealt with in a similar manner and 

reacted as the first foal did. 

The same authors (1934) tested a new procedure for giving initial infection to calves. 
Instead of using a dry antigen, they injected into a foal and 6 calves only a few trypano¬ 
somes from an animal that had developed a labile infection. This was found to gt\ e ri. e to the 
production of antibodies without demonstrable trypanosomes m the circulation or without 
significant elevation in temperature, but nevertheless trypanosome antibodies could 
be demonstrated in the blood 57 days after the infection. In the case of the f al, trypano¬ 
somes were invariably detected in the blood, but the temperature was irregular and lasted 
for a few days only. Five months after the infection, the foal was subjected to bites ot 
G. morsitans infected with T.brucei and T .congolense. A week later, its blood showed both 
species of trypanosomes, but T.congolense, although not T.brucei, eventuall) disappeared. 
The disappearance of T.congolense, according to the authors, points to the.conclusion that 
the initial infection of the foal with T .congolense blood had produced a labile infection and 
this prevented the fly-borne organisms of this species from obtaining a foothold in the 
animal. What would appear to be substantially the same observations were also published 
independently by Schilling (1934) and he (1935a, 6, c, 193G) gives the results of trials carried 
out by bind on these lines under field conditions in Tanganyika. It would appear from his paper 
published in 1936, that Schilling made as many as 59 deductions from his experiments. 
As foals were not obtainable in this locality, Schilling used only calves for his experiments,. 



2 species of trypanosomes against which they were immunized being T.cmgolense 
an d T.b rucet. In the first series of experiments, each inoculum consisted of not more than 
50 trypanosomes; if no reaction was noticeable within a fortnight, the injection was re¬ 
peated. The immunized animals, which were 23 in number, were then sent to a tsetse area, 
and 13 (57 per cent) were alive after 7 months. For various reasons, Schilling considers 
only 12 of the 23 calves as having been subjected to conditions answering the requirements 
of liis experiments, so that the actual mortality figure was only 1 out of 12 (9 per cent). 

For immunizing a second group of calves, Schilling used a vaccine from rats showing 
swarming trypanosomes. The blood was defibrinated and dried in a shallow dish; as no 
sterile precautions were taken, the material on subcutaneous injection often caused sup¬ 
puration. An emulsion was prepared by mixing 1 part of the dried blood with 10 parts of 
sterile water and 10 to 20 c.c. of the emulsion was used for a dose. Two calves were given 
only 1 injection of the vaccine and were subjected to bites of infected flies 22 days later; 

1 calf dif d in about 4 months and the other in about 9 months. Nine out of 10 calves 
that had been injected with 4 doses of the vaccine at fortnightly intervals were alive after 
7 months. A third group of 5 calves were first subjected to infective bites, and on appear¬ 
ance of trypanosomes in their circulating blood, they were each twice injected with half 
the curative dose of antimosan; 4 of the calves died. There were 13 control ©rives and 
death occurred in 8 (61 per cent) of these. All of a batch of 31 non-premunized cows became 
infected, 16 of these having died in 7 months. In the final analysis of the results of his 
trials, Schilling puts down the percentage of survivals among premunized animals at 
70 to 91, against 39 among the non-premunized. The results are considered by him to be 
suggestive of the value of this form of premunition. He emphasizes the deisrability of 
premunizing only calves in good condition and he further recommends that it should be 
done both against T.congolense snd T.vivax. He considers the method of premunization 
by injecting small numbers of live trypanosomes as preferable to the use of vaccine, for it 
approximates the conditions obtaining in nature. Some additional account of Schilling’s 
experiments is given later. 

Schilling (1936a) discusses the theoretical implications of the methods of premuniza 
tion advocated by him. He gives the results of a series of experiments to show that try 
pai osome cells possessing similar antigenic property may differ in the possession of re 
ceptois (in the specific sense of receptivity for antibody). Mice that had been infected with 
a rormal strain and then cured were refractory to a homologous normal strain but suscep¬ 
tible to a serum-fast strain. On the other hand, mice that had been infected with a serum- 
fast strain and then cured were refractory to both normal and serum-fast strains. This 
showed that both strains possessed similar antigenic properties but differed in respect of 
receptors. He emphasizes the possiblity that field strains of the same species of trypano¬ 
some from different localities may likewise undergo changes in respect of antigenic pro¬ 
perties and receptors. Schilling discusses the conditions under which such changes may 
be brought about 

Schilling’s view concerning natural immunity of most animals against trypanoso¬ 
miasis being due to infection acquired early in life is shared by Hornby & al. (1934), at 
least in so far as immunity against T.theileri infection is concerned. The fact that cattle in 
Tanganyika are immune to T.theileTi is ascribed by them to this cause. To forestall the 
possiblity of fatal T.theileri infection being acquired by cattle in theileri -free localities 
during anti-rinderpest inoculations, these workers suggest the prior imunization against 
this infection or using, as until recently had been done in India, rinderpest virus from goats, 
or swabbing animals with the virus, instead of inoculating it. 
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flL imported there from Tanganyika. The flies were infected with T.brw^nd Txongolense 
and the experimental observations were made on young horses and cattle. Besides con 
firming their previous findings about the success of early inoculations, they concluded 
that immunity was also obtainable if the infective inoculation was done from chronic 
cases Schilling (193M) mentions having found that about 40 per cent of young calves in 
Tanganyika were highly resistant to trypanosomiasis, this according to him being pre¬ 
sumably attributable to immune mothers. On this assumption, Schilling injected 18 calves 
either with a minimal dose of living trypanosomes or with a vaccine prepared from dead 
trypanosomes; 6 of these died after contracting disease resulting from such inoculations. 
Schilling (19356) followed up bis experiments in Tanganyika by giving the calves an initial 
immunity and then keeping them in a fly zone where nagana existed in a virulent form. 
It was found by bim that a dose of 50 trypanosomes (T.congolense and T.brucei) some¬ 
times failed to produce infection until the animal concerned was given a third inoculation 
of the dose. When animals thus initially immunized were subjected to fly bites, 57 per 
cent of them survived after 7 months’ exposure, against 38 per cent of the controls. The 
possibility of i mmu ni zin g iu the foetal stage by infecting pregnant cows was also tested 
with inconclusive results. 


Schilling would appear to have given wide publicity to his findings on immunity trials 
(19366, c y d , e), apparently in the belief that the method developed by him offered a lasting 
solution of the question of bovine trypanosomiasis in Africa. He (19366) writes: ‘In all 
my experiments executed since 1899 it is proved : (1) that young animals (foals, calves) 
in the first weeks of their life possess a considerable resistance against the African trypano¬ 
somes transmissible by tsetse flies; (2) that this natural resistance can be enhanced to full im¬ 
munity against super-infection through the fly either by minimal infections or by pre¬ 
ventive vaccine treatment’. For ‘srtong resistance’ he uses the expression’ ‘betracht-lich# 
Besistanz’. In another paper, he (1936/) states that some 2 • per cent of the ‘animaux 
jeuna§’ possess considerable resistance against trypanosomiasis. It is probable that this 
M/P2ICAR—22 



belief seemed to him to be particularly warranted by the fact that, of a batch of 12 calves 
ected 4 times by injections of 10 to 50 trvp. nosomes each and then kept in flv areas 
9 (66 per cent) were alive after 23 months, against, 3 (23 per cent) of 13 controls. ' 

Schilling et <d. (1936), summarize the observations on these immunity test 
as follows. (1) Calves immunized by minimal doses of living trypanosomes or with dried 
mood ot infected rats proved more resistant than controls when they were kept in a fly 
zone but the ii'j( cl ion of living trypanosomes sometimes caused heavy’mortalit v. (2) "While 
antibody production by trypanosomes was irregular (non-motile trypar osomes were some- 
nmes infective and motile ones con-infcctive) the production of antibody was demons¬ 
trated by the fact that suspensions of trypanosomes, when mixed with serum, were non- 
infective on inoculation. (3) A single trypansone isolated from an old strain produced infec¬ 
tion. (4) As bet ween trypar oson cs from a late and those from an ea-lv stage of the disease, 
the inoculation of the f( rrr er resulted in a longer incubation period "and shorter period of 
survival (5) Successive inoculations "nto mice of progressively increasing numbers 

ci T.congolense trypanosomes—commencing from 20 and rising in the survivors to 200_ 

resulted in the final survival of 4 out of a batch of 23. None survived in the controls. 

c i ling (1936/) gives an analysis of the results of his experiments on immunization and 
exposure of calves to tsetse bites in Tanganyika and in Germany. 


The results of the immunization method adopted by Schilling cannot be regarded as 

having been encouraging, for in the third report of his work he (19366) gives the number of 

deaths as follows when the supposedly immunized calves were placed in fly zones: 6 out 

of 10 vaccinated with diiad blood of rats infected with T. brucei and T. congolense; 9 out of 

17 that received minimal doses of trypanosomes; 3 survived out of a batch of 12 calves 
kept as controls. 


From time to time, Schilling (1939a, 6) reported upon the conditions of the animals 
kept in fly areas. Throughout his observations he held the view that the method of im¬ 
munization a dopted by him, although not completely successful, might be expected to save 
a fair proportion of animals from dying of trypanosomiasis. In one of his papers, he (1939a) 
states that, out of 11 calves that received minimal doses of T. congolense , 6 were alive after 
4 to 6 years of exposure in a fly belt, while 2 survived out of 9 calves immunized with killed 
trypanosomes; 13 were kept as controls and only 1 out of these was alive. In support of 
his view that resistance to trypanosomiasis was acquired from immune mothers, Schilling 
cited the instances of calves born in tsetse areas and successfully reared to maturity. 

In a paper published in (19416), Hornby gives an account of the ultimate fate of the 
animals premunized by Schilling either by the minimal dose method or by the use of 
vaccine. From this account, it would appear that almost all the animals had died by the 
time Hornby recorded his observations. He, therefore, concludes that none of the protec¬ 
tive methods so far recommended is likely to prove of value in tsetse areas in Africa. 
He further writes: ‘Schilling thought he had devised a method of immunization that after 
reinforcement would be of great practical value, but the subsequent history of the ani¬ 
mals which he thought were really immune has shown that his conclusions were premature 
and his high hopes were not justified’. ' 


Schilling’s view concerning the possibility of conferring immunity on cattle'by giving 
them an infective inoculation early in life was based upon his belief that the natural 
immunity against trypanosomiasis observed amongst game in Africa was produced in a 
similar way. Against this view, Kleine (1942) points out that sheep and goats in Africa, 
are also naturally immune without being infected when young. The contiove 
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VI. Hereditary Immunity 

out of a batch of 45 young infecte d on inoculation. He found that the 
of 16 others born o acau ired either through the placenta or through the act 

S^gTp^eltar oder durch den saugakt’). Bevan (19366) found that infection with 

T. rhodesiense could not be effected in utero. 

Van Saceghem (1936) records having obtained a progressive reduction of trypa- 
nosoles in ^calves when they were inoculated with a strain of T congolense before they 
“edtheage of 16 days. The circulating bloodofthese calves became completely free 

from the parasites in 4 to 6 months. 


Evidence of hereditary immunity against T. lemsi infection has been furnished by on - 

bertson (1938). This worker found that rats born of mothers recently cured of T terns* 
infection were immune to infection with these parasites for the first few weeks of their life 
and they were also immune when nourished by foster mothers susceptible to T. lewxsx 
infection. Further, rats born of susceptible mothers proved resistant to mfection when 
they had been raised by immune foster mothers. Culbertson (1941) found that immunity 
through milk was also transmitted by mother rats that had been immunized by a vaccme 
consisting of a suspension of about 4 million T . lewisi per c.c. of 0 * 5 per cent formolized 
saline solution. The vaccine was used in doses of 0 • 1 c.c. at 3-day intervals, a total of 8 
such injections being given. ‘Such immunity as the young may acquire through placental 
inoculation is largely lost within a few days after birth*. 

Gonzalez (1942) states that the progeny of untreated I. equiperdum -infected mice 
showed some degree of immuni ty for 2 months after birth. It would seem worthy of in¬ 
vestigation whether this age was not the optimum for the immunizing inoculations re¬ 
commended by Schilling, although his method of conferring immunity did not fulfil the 
hopes that had seemed warranted by the results of his initial observations. 


VII. ‘Local Immunity’ 

The Japanese worker, Murakawa (1930a, 6) uses the expression ‘local immunity’ 
in trypanosomiasis, presumably meaning immunity localized in a particular area in the 
body of the host. He claims to have produced such immunity in mice, rats and guinea 
pigs by the intraperitoneal injection of vaccines prepared from T. equiperdum , T. bruce 
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fml J '+fcT*Tt*' <- H j • State ! ! ha * thw immunity later develops into a general immunity He 

hntT hV^” sensitized with bile or not, prevented abdominal infection in aniSab 
but it did not give rise to general immunity. 

To sum up, a method of setting up a durable immunity to trynanosomiasi* 

so° e far n advorat a d f° b6 “ ^f® (1941) viewa disfavour any of the method* 

advocated for unmunizmg cattle against trypanosomiasis, whether by the use of 

parasites rendered avirulent by passaging, or by setting up a state of tolerance by anti- 

mony treatment and then exposing animals to bites of tsetse, or by giving infection to 

cattle during their calfhood. He points out that these methods may at best enable animals 

to resist infection by local strains of trypanosomes but not by more virulent strains or by 

other species of trypanosomes. He even concludes that cattle-raising in Africa is not likely 

to prove successful m tsetse areas. This view is shared by Hornby (19416) who referr ing 

to the ultimate fate of Schilling’s immunized animals, states that only one’ of these was 
alive in 1941. 
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